


Yakovlev Aircraft 
since 1924 





Yakovlev Aircraft 
since 1924 , 


Bill Gunston 
Yefim Gordon 





‘BRITISH UBRARY, 
DOCUMENT SUPPLY CENTRE 


08 aus 1997 











A 18510 

















coat 





Contents 


Introduction and Acknomledgements 
The Aircraft 


YL Gi 
Wat bacon on 
Soci nF) 
pecan) 








wan 
Sol opti 
vie 


Piotens Airraft 


heeees 


Append ngs Yk ier 
em pimping es 
Appel Nate 


Index of Airraft 
Index of People 


y 


Introduction and Acknowledgements 





Si mph 
icity oped 
een 
Ninn ere 
esekats ietry actors 
Gomis on ene 





i Sun Use Gong Sn td 
Serene 





"Fe 107 Red ha 

ele mat he ‘ee 
TSR 
eet 











srl ar mone ama 
‘Socal ba sco, 
‘hime sr Be 8 fe 
enone sped ae 








Sess 








etree near 
Src oes 
re ip cr 
Echieg tec 











le, Male ese at 
mney ek ve els Ok 








sereyramivat Ne Aaa hs 


in go eyo reed he 
weed tm 








soles dicioiene 
eer 
‘trappedit buck nti 














ete og 
ranean 
pee ree 























nae el 
samurai 
‘Sivonen othe pote Wh 
Somenars 
See 
Sao 
Seas 








Tica vey mp gi 
iS in he 


"Siemens gro 
stun try er Foy 
sin ci 5 a fe 
(oie ta a Sie, 
eset ge te 
Toki ae ‘int 











Finds ear ay 
sont er unt 
‘ead of analy ames ORB 
‘Ena Corte en. 





dia cava 
ewes 
pepe 
as 
SSeS 
aes 
{he i lw Fh in Febery 
Pcriaerates 
hse ca Te 

















acces 
TSH eet The No 


sapere ari rs 








ore 
{aie Sta pny He fe 
‘ncn ol he cm 
Se he cl deed 


























Crete 
Seeman 
Spree 
Sots come 
pilnon beg 
eee 
‘Sen bigger assem shop fo te 





















eng ih ee a i 
Sitar al tl 





1S cee pore 








‘ew dn bee 














pa topetacieti ree 
ae ee 
‘Raku Nhsterch Donte, 














SASSER 





‘sei poe edn a 
Se nd en paca 














Arca Inout rth! Marin 








top le Carga a 
Sterne rte erie 


Ae teee Near, Ei of 


eet as 
Chir nf mete 
























































by ea ini te mer 








shin he sneering dctarged vrs 




















































































pases 
“a 









































Hitman » 






































ie rep ape, 
Ses Piece 








‘lags tt "th sb eae. Tie oe 











apni she ct mar 





(mshi in cw 
‘hy ped to neon 























AIR-S 





twanimponed Wnt Wht 





wale re ‘pce 











Faberge tek 











el acato 

















a vin ‘un cine 










































































as The ri te kid ga te 
ie i 





taal ste 
{icing ee the some pane st terrane a te 





| arse 





























Sheed dep 
‘trae 2) he eo 
‘Baie acho 
Soma 
‘reread th sed are st 














ae 
Se ey 
ne, 

ie Se Rimes 
es 
sacle 
ral ie hy 
Soe 
feria eels ae 
Bpioat pepe 
recone 
eS 
Sas 


























Stee 








Sudo SM 
‘Wt tgp 
sn MS 
is wee ba nT ahs 
ty vce oi Bs 
Sremnend s Hiely GAANCS 
{Gia te rece a eit 
eaeeces 





‘vamp av bare 
eas 
fie ws Ton ao 
Sea 
Scere 
em zpos 
Siar inoe 
‘ten was mre cmp, 
‘csc ya, Pt 
Sauna 
Eee 
acme 















Ser hathae Sac ae 
sone oe 
See oh et 
See or 





| 














he Se tsp ein 
‘he tere acrean e 




















‘regen ba mie ane ph "i 
































se 



























yeu ONS gma nn Om eg 
ii in| wie Tha ee wee 
terete geno 
‘Seley Dl od on 








Serna tal 
ea mime ie 
‘ia Stop dg 
Soe eee tne 
‘ie ay 1mm re Th 
Sates techs n 

‘hee neared ‘tpn 
eed i ghee 











> 
¥ 





wpussae nt iene 
Esker whet ow om sen 5 









































AIR-11 


Pate teat 




































































‘ough ‘he wold hwe skal 
fete fw ihe dae wow 











Ineo rl, 





‘me ae Soe ‘Ser 








ios tie ceo 





“ip nr hf 
py tence and a 







































I en fst 








eto 





EE patie Me 





Seeelmmsirii aie 
Sikes eas =a 


Sertecsine hoy eas Un yre pane alegre sone is of he pony se 

















Soca nee mT 
‘et fom te mem deco UTES 
Aiit'nd Weare wieisoe = 





















AIR-15 


et ih a ‘ty a, 
S Gat bares es 















rhe ving wah 



































































ft tt ts 
eee 
Extcoimem 
Serres 
ing in A cae 
eos 
aero 
ire Soa 
rete 

‘eer 
mieten 








‘te, ht pei he ae 


‘neti en bem feo 








Sarees 
ing Shr he 








ears 
Tan toe bal ey gehe. 
oslo 
See 
Sonemeecs 
Scr oae ass 
ete ae 





Shieh cc ctiate 


Dan evn pang 
7 





cate ea 
Terese 
Bed | 
Sones 
‘raed ig see i at 
face 
MOP Se 
[oem 
Renate 
DRAgroaigae 
soserminaion in January TL These 



















a The Won ORD, spd ry 195 et Nn 
‘pcan ha ino og 
‘hiveMrc stayin gp eho sem § 
Be ginmrcon KV bem ey 
‘ching es nding milo x nearing sen ener 

































es ‘tert ara evr ane 










Se fied sd eer eet V9 








‘ra ohne ‘Mow a he ems 














ee cet 

















‘san By e194 the hd 
Stn assontr oer Tak 
































a mtg tin pet Tn 2 rin iad ile nm mig 
dtd ureedon meee Se ae Na ee 





Seo 




















No. 21, Ya 






















eet A oe 
‘nn Ne, 








Scum 





No. 22, BB-22 


eee 
aera ees 
ae 


ese eit aoad ov 
Sones 
berger 
‘Syeuaneelgnety aime 
Seems 
es 
pennieeeeraee 
cc caeete 


Tips ny res ey 
‘he Sen wu ty socal 





‘Seca rhe YS 
‘oh mgt stew i ok 














‘Stee ead a 





Senco ot es 
et kd tg 
‘Si nibh 





ees 
Scoop 
ictemsatatany 
Sertees tet Shae te 
Secateeeun 
spatinetsaead ine 
Shsep Torti corso 
SaaS 
Cisse 
Seon 














oferta 
tots she fn ye 








‘ssn lined wah se 
‘a ed The shone 
Pit cement wee 
SS Sek aed haat 
‘inp wh nhaed acon Ti 
shah Wan ete Soc 
Sie a aren 
Sree nl a 
‘ee won ln ly 
Soo bee eer 
‘Sn a ne ay 
{are were DIVE deny 











petra sh apinters 


Sree 
Saran 
‘Sahin te tne th 
antes 
Saceesse 
{gesture caring led 
‘ats etd wet hy 
Seer 
eee 

irae tee 
Psa ee 
aioe ee 
Benecers 
aoe 
toe uc Nem rea 
Sesioses 
eet 
ear 
aisceee 








ted for ny ae AFA rc 
(nip tome (3g 365 tol 
Fagen 

Seoteeera 
kee 
Seoieeaas 
Sao 
‘Sn: Yrs ie on 22 FeO 
Seo 
a oo 
ena 
Souk siopat as ronan 
a eee 
ee 
eens 
fon oe 
Miskowri ond eked be 
‘torched Bye unpre 
a 
inpeonctae 





























BB-28 O92 1 ee 


56 YAKOVLEV AIRCRAFT SINCE 1924 


for State trials. These were flown ini- 
tally by the CO, A I Filin, and test 
pilots Kabanov and Stefanovsky. They 
then handed over to the assigned team 
comprising pilot Shevarey, navigator 
Tret’yakoy and engineer Kholopov. 
They recognized that Stalin wanted 
this wonder-plane rushed into pro- 
duction, but felt bound to point out 
the truth, which included that there 
was no provision for armament, radio 
or even a camera and that the range 
was marginally inadequate. 

The time to climb to 7,000m, given 
as 8.7min, was in practice 33min. This 
was because the engines overheated, 
and the aircraft had repeatedly to level 
off in order to bring down the coolant 
temperature. 


The high performance had been, 


achieved by making a beautiful shape 
‘as highly polished as a grand piano’, 
which could not be achieved in a series 
version, and accepting the high wing 
loading of 171kg/sq m. 

The low structure weight was 
achieved by making the wing in one 
piece, making it impossible to trans- 
port the aircraft by rail. 

The NII-VVS_ recognized the 
No. 22 as ‘not a military machine but 
a prestige aircraft’. Nevertheless, on 
20 June 1939 the SNK-SSSR (Coun- 
cil of Soviet People’s Commissars) 
had passed Resolution No. 171 order- 
ing the aircraft into immediate pro- 
duction. At the same time Petlyakov’s 
team, in NK VD detention, had cre- 
ated Aeroplane ‘100’ (predecessor of 
the Pe-2), which met the same require- 
ments without any of the problems of 
Yakovlev’s design. The key factor was 
Stalin’s approval of Yakovley, 

At the end of June an SKB (pro- 
duction design bureau) designated 
KB-70 was formed at GAZ No. 1, and 
the production BB-22 aircraft was 
designated [zdeliye (Article) ‘70’. 
In May Yakovlev’s kollektiv had built 
a mock-up of the BB-22. In late 
June the NII-VVS commission under 
IF Petrov made their initial report. 
It called for the BB-22 to carry a 
bomb load of 400-700kg and have 
a rear defensive gun. It also asked 
Yakovlev |to rectify the seventy-two 
listed defects, and to present the 
modified aircraft for State trialg on 
1 August. 

What actually happened was that, 
though Yakovlev met some of the more 
Serious criticisms, he ignored most 
and never resubmitted the prototype 


at all. Instead he had over 3,300 of 
the original drawings photocopied 
to speed production. By September 
GAZ No. 1 was in production with 
the BB-22. This retained the original 
basic airframe apart from a redesigned 
centre fuselage, production of which 
was assigned to GAZ No. 30 (Moscow 
Botkinskii Proyezd). This incorpo- 
rated an internal bay for four FAB- 
1000 bombs, or for twenty small 
bombs, which in turn displaced fuel 
to the wings and slightly reduced total 
capacity. The mock-up had shown two 
more FAB-100 hung externally under 
the fuselage, but these racks were not 
on the initial series aircraft. A fixed 
ShKAS with 450 rounds was installed 
in the nose, and the navigator was 
given a similar gun with 1,000 rounds 
which could be used after pivoting up 
the rear part of his canopy. To improve 
this gun’s field of fire, after produc- 
tion had started, Yakovley redesigned 
the secondary structure above the steel 
truss of the rear fuselage so that it 
could retract in flight. 





= 








From the top: Yak-2, Yak-2 sectioned with rear gun in use, sectional view of R-12, part-section of 
1-29 and front view of Yak-2. (Yefim Gordon Archive) 


Other modifications _ included 
repeated revisions of the engine 
cooling system, and the fitting of 
VISh-22K propellers. The first pro- 
duction aircraft emerged from GAZ 
No. 1 on the last day of 1939, but argu- 
ments over the standard of build 
delayed the first flight until 20 Febru- 
ary 1940. The VVS representatives at 
the factory repeatedly demanded that 
the deficiencies listed by the NII-VVS 
should be corrected, while factory 
director Voronin and chief engineer 
Dement’yey merely followed the 
designer’s instructions and built the 
aircraft according to the drawings 
Yakovlev had supplied. Their only 
concern was that at the end of 1939 
they were forty-nine aircraft short of 
the scheduled fifty due to be built in 
that year. In January 1940 the SNK’s 
Defence Committee Resolution No. 
23 confirmed an order for 580 BB-22 
aircraft to be built in that year, with 
300 to be constructed at GAZ No. 81 
(Moscow Tushino). Data for the first 
series aircraft: 
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Dimensions unchanged. 

Weight empty 4,043kg (8,9131b); fuel 600kg 
(1,323lb) [oil not stated]; maximum loaded 
weight 5,380kg (11,8611b). 

Maximum speed 439km/h (273mph) at sea 
level, 515km/h (320mph) at 5,000m; time to 
climb to 5,000m, 7.7min; time to 8,000m, 
18.2min; service ceiling 8,900m (29,200ft); 
range 800km (497 miles); takeoff run 560m 
(1,837ft); landing speed (full flap) 155km/h 
(96mph), landing run 500m (1,640ft). 


Yak-2 On 20 January 1940 the mock- 
up commission recommended that 
production of the BB-22 in its original 
form should be limited to ten exam- 
ples. These were all delivered for VVS 
testing by mid-February. Arguments 
continued over the rectification of 
faults, the VVS position being weak- 
ened by the appointment of Yakovlev 
as Deputy People’s Commissar for 
Aircraft Production. The only signifi- 
cant modification, in Article ‘70bis’, 
was a further redesign of the centre 
fuselage to move the navigator/gunner 
close behind the pilot and move the 
bomb bay behind the rear spar. This 
fairly major change made it slightly 
easier for the two crew-members to 
communicate, though a small trans- 
verse window was added between 
them. The main advantage was 
redesign of the canopy over the back- 
seater, so that when the whole assem- 
bly was raised a hydraulic jack could 
pivot the ShKAS mounting upwards 
to give a good field of fire. Other 
changes included addition of the two 
external fuselage bomb racks and 
RSRbis radio. Sights for the fixed gun 
and for level bombing were fitted, but 
how the bomb sight operated is not 
recorded. Service designation was 
changed from BB-22 to Yak-2, under 
a new scheme honouring designers. 
The final NU-VVS report con- 
cluded ‘BB-22 with M-103 engines 
produced by GAZ No. 1 is unsatisfac- 
tory’. Shakhurin sent a production air- 
craft to the big CAHI tunnel, but this 
accomplished little. State testing was 
discontinued on 15 March 1940 
because of ‘tail flutter, unreliability of 
the chassis hydraulics and cracking 
and breakage of the bolts securing the 
engines’. Other unresolved defects 
included poor lateral and longitudinal 
stability, especially with cg near the aft 
limit, and overheating of the engines 
aggravated by the ejection of steam 
and water from the cooling system 
joints. The Ist Administration of 
GUAS KA (Main Directorate for Red 





Army Land-based Aviation) requested 
termination of production. On 30 
March, the same request was made by 
Col Laryushkin, head of the VVS team 
at GAZ No. 1, who had flown every 
aircraft produced. On the other hand, 
knowing Stalin’s support for the 
designer, the head of GUAS, Lt-Gen 
Alekseyenko, authorized continued 
production and further development, 
while the People’s Commissar for 
Aircraft Production (whose deputy 
was Yakovlev) ordered that twenty-one 
Yak-2s should be readied for the 1940 
May Day flypast. 

The final NII-VVS report made it 
clear that not only had performance 
sharply deteriorated but the number of 
uncorrected faults had grown to 183. 
GUAS wavered, and asked the Peo- 
ple’s Commissar for Defence, Timo- 
shenko, that Yak-2 production should 
be stopped. The last straw was when 
NII-VVS test pilot I P Piskurov dared 
to speak out against the Yak-2 at one of 
Stalin’s conferences. Stalin ordered 
that the matter should be investigated. 
Yakovlev put all the blame on GAZ 
No. 1, so the upshot was that produc- 
tion there was halted while it con- 
tinued at Tushino, where the GAZ No. 
81 director tried every trick to get rid 
of the Yak-2s to the VVS. 

By June a batch of twenty-five 
Yak-2s were supposedly based at 
Lebedeno, in the Kharkoy Military 
District, but were so defective they 
were unflyable. A team from GAZ 
No. 81 did its best to rectify the more 
obvious faults. Nevertheless, the Yak- 
2 never reached a standard acceptable 
to the NII-VVS, though the number 
delivered approached 100, and these 
aircraft did fly operationally. Data for 
Series aircraft No. 1041 (GAZ No. 1): 





Dimensions unchanged. 

Weight empty 4,265kg (9,4031b); maximum 
loaded weight 5,660kg (12,478Ib). 

Maximum speed 399km/h (248mph) at sea 
level, 478km/h (297mph) at 4,600m; time to 
climb to 5,000m, 9.5min; service ceiling 8,100m 
(26,575ft), reached in 29.5min; range 800km 
(497 miles); takeoff run 520m (1,706ft); landing 
speed 135km/h (84mph), landing run 375m 
(1,230ft). 


The final series from GAZ No. 81 
had a better quality, with improved 
surface finish, well-fitting panels and 
doors, and a high standard of painting. 
The underlying defects remained. On 
22 June 1941 the remarkable total of 
seventy-three Yak-2s were on the 
strength of 136 Bomber Regt in Kiev 
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district and 316 Reconnaissance Regt 
ina western district (Nehrvorosh, near 
Belaya Tserkov). Subsequent opera- 
tions were fraught with difficulty, 
many aircraft being destroyed on the 
ground, and one Yak-2 (not familiar to 
VVS fighter pilots) being shot down by 
an I-15. Individual survivors served 
with the 10th, 44th, 48th and 53rd 
Mid-Range Bomber Regts and the 
225th Short-Range Regt Data for air- 
craft No. 70204 (GAZ No. 81): 





Dimensions unchanged. 

Weight empty 4,258kg (9,3871b); maximum 
loaded weight 5,630kg (12,412Ib). 

Maximum speed 410km/h (255mph) at sea 
level, 498km/h (309.5mph) at 4,800m; time to 
climb to 5,000m, 8min; service ceiling 8,700m 
(28,545ft), reached in 29min; range 900km (559 
miles); takeoff run (12deg flap) 390m (1,280ft); 
landing speed (at 5,150kg) 130km/h (81mph), 
landing run 298m (978ft). 


BPB-22 While Yakovlev continued to 
develop the BB-22, GAZ No. 81 made 
its own programme of improvements, 
headed by Engineer Kurbala. The 
resulting /zdeliye ‘31’, or BPB-22, was 
an experimental, short-range, dive 
bomber, fitted with the newly avail- 
able M-105 engine. Other changes 
included airbrakes, an automatic dive 
entry and recovery system, and an 
increased area of cockpit transparen- 
cies. Factory pilot Lapkin flew the 
BPB-22 at the end of October 1940, 
and further testing was done by Ya 
Paul’ at Ramenskoye. The programme 
was halted by fuel starvation on climb- 
out. Paul’ managed to make a steep 
turn back to the airfield, but he said 
that, without power, the aircraft 
‘dropped like a stone’ and suffered 
enough damage to make repair not 
worth while. 





Dimensions unchanged. 

Weight empty 4,559kg (10,0051b); maximum 
loaded weight 5,962kg (13,144Ib). 

Maximum speed (clean, at 5,100m) 558km/h 
(347mph), (with external bombs) 533km/h 
(331mph). 


R-12 A reconnaissance version of the 
No. 22 had been included in the orig- 
inal 1939 design programme. A single 
R-12 was built at the OKB’s Factory 
No. 115 and completed in June 1940. 
Powered by 960hp M-103 engines 
driving VISh-22K propellers, it had 
an airframe similar to the GAZ-1 
production bomber, with a retract- 
able deck over the rear fuselage. 
Equipment included two cameras, an 
AFA-1 and a NAFA-19, the latter for 
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night photography used in conjunc- 
tion with eight 20kg illumination 
bombs carried inthe bay between the 
spars. Yakovlev recognized that there 
was little point in submitting the air- 
craft to State testing, and an added 
fault was that poor design of the wire 
antenna limited the radio to only half 
its wavebands. No accurate data have 
been discovered. 


I-29 At the beginning of 1941 the 
OKB factory produced a further 
derived prototype based on the BB-22 
airframe, an escort fighter. Almost the 
only difference from the bomber was 
replacement of the inter-spar bomb 
bay by magazines for two ShVAK 
20mm cannon scabbed on under the 
fuselage. Few details of this aircraft 
survive, and development was discon- 
tinued in 1942. 


Trainer No designation is known for 
a dual-control conversion trainer ver- 
sion of the BB-22/Yak-2, which was 
tested at NII-VVS in March 1941. 


BB-22bis, Yak-4 Despite being 
preoccupied with the single-engined 
fighter, Yakovlev persisted with recti- 
fying the faults in the ‘22’ family. By 
the summer of 1940 the OKB had 
completed modifications for /zdeliye 
70bis’, or the BB-22bis. The main 
difference was installation of M-105 
engines, each rated at 1,050hp, driving 
3.1m (122in) VISh-22Ye propellers 





Yak-4 series, (Soviet State archive) 





Yak-4 first series (inset and starboard half of front view, main series). (Yefim Gordon Archive) 


with constant-speed control over a 
pitch range of 21deg-41deg. The rear 
fuselage was redesigned, length being 
increased and the unwanted retract- 
able decking eliminated. Various im- 
provements were made to the engine 
mountings, and to the engine-cooling 
and fuel systems. The latter incorpo- 
rated two additional 90-litre (19.6 gal) 
tanks in the outer wings to give a total 





of six inter-spar wing tanks with a 
capacity of 1,120 litres (243.5 gal). The 
undercarriage was redesigned, with 
a single shock strut braced only by a 
welded triangular gusset on each side, 
carrying twin wheels with narrow 700 
by 150mm tyres which in flight partly 
projected to reduce damage in land- 
ings with the wheels retracted. The 
crew compartment was further modi- 
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One of the first Yak-4s. (Soviet State archive) 


fied, the pilot being given additional 
windows low down on each side and 
the backseater the TSS-1 mount for 
his ShKAS, with a low-drag pivoted 
canopy. The radio was the RSRbis, 
with a wire antenna connected to a 
wire stretched from the starboard fin 
to a mast above the right engine. 

In November 1940 the BB-22bis 
replaced the earlier version in pro- 
duction at GAZ No. 81, this aircraft 
being redesignated Yak-4 a month 
later. Though the more powerful 
engines brought performance almost 
back to that of the lightweight No. 22, 
there were many drawbacks, and some 
features regarded as inferior even to 
the Yak-2. The most serious was that, 
with the full internal four FAB-100 
bombload, the cg was at 32 or even 33 
percent chord, making the aircraft so 
unstable that ‘only experienced pilots 
could safely fly it’. With reduced 
bombload there was no stability prob- 
lem. The cockpits were regarded as 
cramped, and the very high wing load- 
ing, which had reached 218kg/sq m, 
made the aircraft dangerous on one 
engine. In the course of production the 
weight was increased further by uprat- 
ing the external bomb racks to carry 
FAB-250 bombs, giving a theoretical 
bomb load of 900kg, and adding a 250- 
litre (54.3 gal) drop tank under each 
wing at the junction of the two outer 
wing tanks. Another modification was 
to relocate the oil coolers under each 
engine, with a chin duct replacing the 
previous inlet in the left side of the 
cowling. 

Total production of the Yak-4 was 
about 100, bringing the total number 
of series aircraft up to 201 (not 600, as 
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claimed in Yakovley’s writings). The 
final twenty-two were delivered in 
April 1941, and crews had hardly been 
able to convert to them when the war 
started on 22 June. They were oper- 
ated mainly by the 207th and 136th 
Bomber Regts, and intensively by the 
314th Recon Regt. Attrition was fairly 
high, caused mainly by enemy attack 
on airfields and by problems with the 
aircraft. According to N A Stepanov 
‘We could outrun the Messerschmitts, 
and if a Yak-4 was hit it didn’t readily 
catch fire. But the long-standing defi- 
ciencies were never rectified, and the 
meagre bombload and unreliability of 
the armament made this aircraft barely 









































From the top: I-26-1, Yak-1 first series (GAZ-301), UTI-26, Yak-1B and Yak-1M. 
(Yefim Gordon Archive) 
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suitable for operations. Moreover, as 
the compressed-air connectors were 
non-standard, if we were likely to land 
away from our own airfield, we had to 
carry tubes and connectors under our 
seats to recharge the air bottles to 
enable us to start the engines. By the 
end of 1941 our regiment had con- 
verted to the Pe-2’. 

Thus, despite its apparent great 
promise, Yakovlev’s first combat air- 
craft was not a success. Few remained 
after 1941, though a single Yak-4 oper- 
ated with the 118th Recon Regt until 
the end of the war! Data for the first 
experimental BB-22bis made by GAZ 
No. 1: 





Dimensions as before except length 10.18m 
(33ft 4%in). 

Weight empty 4,251kg (9,3721b); fuel and oil 
800+70kg (1,764+1541b); normal loaded weight 
5,800kg (12,787Ib). 

Maximum speed 466km/h (290mph) at sea 
level, 550km/h (342mph) at 4,600m; other data 
not recorded. 

Data for series aircraft from GAZ No. 81 
(Nos. 70602 and 70631, tested by NII-VVS): 

Weight empty 4,560kg (10,0531b); fuel and oil 
(max) 1,155+70kg (2,546+154Ib); loaded weight 
(normal, with 400kg bombload) 6,115kg 
(13,4811b), (maximum) 6,615kg (14,5831b). 

Maximum speed 458km/h (285mph) at sea 
level, 518km/h (322mph) at 3,050m, 535km/h 
(332mph) at 5,050m; time to climb to 5,000m, 
6.5min; service ceiling 9,700m (31,824ft), 
reached in 30min; takeoff run (6,115kg, 14deg 
flap) 492m (1,614ft); landing speed 140.5km/h 
(87mph), landing run 496m (1,627ft). 








I-26 





As A S Yakovlev’s experience grew, he 
saw as his chief ambition the creation 
of a superior single-seat, air-combat 
fighter. He produced a three-view 
drawing of such an aircraft in Novem- 
ber 1938 (this probably received a 
Type Number between 22 and 25). He 
refined this, and in spring 1939 ‘sub- 
mitted the proposal to the NKAP as 
the I-26. Construction of a prototype 
was authorized by government decree 
dated 29 July 1939. 

By this time the actual design had 
been in hand for eleven weeks. 
Yakovlev felt that his favoured position 
with Stalin would enable him to go 
straight ahead, bypassing the usual 
stages of submitting preliminary 
design documentation and a mock-up 
for inspection. Moreover, he had ideas 
for variations on the same basic design, 


I-26-2. (Petrov collection via RART) 


so that within a short time he had 
schemed five fighters: 


1-26 light front-line fighter, with 
Vladimir Klimov’s M-106 engine; 

I-27, or UTI-26, dual-control 
fighter conversion trainer; 

1-28 high-altitude air-defence 
fighter with —two-stage-super- 
charged engine; 

I-29 (unrelated) twin-engined 
fighter; 

I-30 cannon-armed fighter for 
attacking bombers and armoured 
vehicles. 


Except for the I-29, described pre- 
viously, all these types were to be based 
on the original I-26-1 prototype, 
which was designed and built in the 
second half of 1939. It was predictably 
a conventional low-wing monoplane, 
with an enclosed cockpit, provision for 
fuselage armament, and a wide-track, 
inwards-retracting main undercar- 
riage and retractable tailwheel, all 
replaceable by semi-retractable skis. 
Design load factor was 13, and con- 
struction remained mixed, with a 
wooden wing, steel-tube fuselage and 
D1 flaps and control surfaces. 

The wing profile was not Gottingen- 
387 but Clark YH, with a thickness/ 
chord ratio of 14 percent at the roots 
and 10 percent at the tips. It was 
sharply tapered on both leading and 
trailing edges to pointed tips, and was 
made in one piece with dihedral from 
the roots of 5deg 30'. It was set on the 
fuselage at an incidence of Odeg 30’. 
The two spars were of the usual box 
construction, with pine booms and 
birch-ply webs which tapered in thick- 
ness from 10mm at the centreline to 





3mm at the tips. The ribs were made 
of ply, with large cutouts, reinforced 
by a lattice of pine strip. The stress- 
bearing, bakelized birch-ply skins were 
graded from 5mm at the centreline to 
2.5mm at the tips. They were attached 
by casein glue and countersunk screws, 
the completed wing being covered by 
Mitkal fabric, waterproofed with var- 
nish and finally doped with OKB red. 
Four fuel tanks between the spars 
filled the space between ribs 1 and 12 
on each side, the area under the tanks 
being skinned by stress-bearing but 
removable D1 panels. The D1/fabric 
ailerons were of Frise type, made in the 
usual two interconnected parts and 
hinged to three brackets with the axis 
directly behind (not below) the rear 
spar. They were actuated over the 
range 26deg up/1ldeg down by rods 
and bellcranks, and the port aileron 
had a ground-adjustable trimmer. In- 
board were rectangular split flaps 
(called Schrenk type in the USSR) 
made entirely of D1 and mounted at 
90deg to the longitudinal axis, so that at 
the root they were well ahead of the 
trailing edge. They were driven pneu- 
matically toa maximum angle of 50deg. 
The wing was attached to the fuselage 
by four main and two auxiliary bolts. 
Compared with the ‘22’ twin- 
engined family the fuselage was struc- 
turally simpler. It was built as a single 
unit based on a truss of welded 
30KhGSA (ChroManSil) steel tube, 
with diagonal Warren-type bracing. 
The detachable front portion carried 
the engine, together with the propeller 
loads and armament (not fitted to 
1-26-1). Light D1 secondary structure 
brought the nose to an oval cross sec- 














tion on which were attached removable 
D1 cowling panels by Dzus fasteners. 
The sides above the wing were covered 
by hinged panels giving easy access to 
everything inside (a feature seldom 
found in Western fighters). The rear 
fuselage was brought to an oval section 
by wood secondary structure and ply 
skin above and below. The whole was 
then covered by fabric, supported over 
the steel truss by light stringers. 

The tail was of the usual mixed con- 
struction. The tailplane and fin were all 
wood, attached by four bolts to brack- 
ets welded on the fuselage truss. Both 
the horizontal and vertical tail surfaces 
had a symmetric profile, tailplane span 
being 3.4m (11ft 1%in), The rudder 
and elevators were D1/ fabric, attached 
by plain hinges, all three surfaces hay- 
ing screw-jack trimmers. Each elevator 
had the leading edge extended ahead of 
the hinge axis over the mid span as a 
mass balance. The elevators were oper- 
ated over the range 24deg up/21deg 
down by rods and bellcranks and the 
rudder +27deg by duplicated cables. 

Each main undercarriage leg in- 
corporated an air/oil shock strut and 
a lower curved arm carrying the in- 
board end of the axle. On the latter 
were bearings carrying the forged 
aluminium wheels with pneumatic 
brakes and a 650 by 200mm tyre 
(almost a ‘balloon’ tyre). To retract 
each unit a pneumatic jack, with one 
end anchored to the main hinge trun- 
nion, was arranged to push a triangu- 
lar frame above the inner half of the 
downlock radius rod, the wheel being 
stowed in the wing root ahead of the 
spar and with the leg and half the 
wheel being faired by separate plates. 
The tailwheel, with a 300 by 120mm 
tyre, was mounted in a fork on a shock 
strut able to castor but with a centring 
and locking mechanism. The leg was 
mounted on a pivot and could be 
retracted by its own cylinder, the aper- 
ture being enclosed by twin doors. 

Yakovlev had hoped to receive an 
M-106 engine, but this was insuffi- 
ciently developed. In its place he had 
to use an M-105P, rated at 1,050hp at 
4,000m (13,125ft), driving a VISh-52P 
three-blade constant-speed propeller 
of 3m (118in) diameter. The hub made 
provision for a cannon to fire through 
it, and incorporated Hucks starter 
dogs on the front. Like most Hispano- 
derived engines, the ejector exhausts 
comprised pipes for the front and rear 
cylinders in each block, and two 


double-size pipes for the remaining 
four. The carburettor inlet was under- 
neath on the centreline. A total of 410 
litres (90.2gal) of fuel was housed in 
four tanks made of AMTs aluminium, 
coated with Anazot self-sealing rub- 
ber, the contents being indicated by a 
float-driven dial in the upper surface of 
each wing. The glycol/water coolant 
radiator was mounted in a duct under 
the rear fuselage, with a cockpit hand- 
wheel to control the exit flap. The 
drum-type oil cooler (described even 
in Russian texts as ‘ten-inch’) was 
mounted between the cylinder banks, 
with inlet and exit in a fairing above the 
cowling. 

The cockpit was enclosed by a rear- 
ward-sliding canopy and a fixed trans- 
parent rear section. Behind the pilot’s 
head was a slab of 8mm armour. ‘The 
control column had a spade grip with 
an armament trigger and brake lever, 
differential brake action being con- 
trolled by the rudder pedals. The pitot 
tube was on the port wing. Provision 
was made for blind-flying instruments 
and a compass, KPA-3 oxygen supply 
and a 12A-5 battery, but no radio or 
armament was fitted. The planned 
armament was an engine-mounted 
ShVAK-20 with 130 rounds, two 
upper synchronized ShKAS with 420 
rounds each, and two lower synchro- 
nized ShKAS with 650 rounds each, 
all aimed by a PAN-23 optical sight. 
The four ShKAS were designed to fire 
through long blast tubes. 

The I-26-1 was completed on 27 
December 1939. It was doped red, 
with a red/white striped rudder. Co- 
author Gordon believes the suggestion 
it was dubbed Krasavets (Beauty) is 
without foundation. The only problem 
appeared to be that, because the 
engine, propeller, wheels and other 
items were all heavier than predicted, 
gross weight was not 2,300kg but 
2,446kg (5,3921b). With armament it 
would have weighed 2,600kg. Accord- 
ingly the permissible load factor was 
reduced from 13 to 10. 

Yu I Piontkovskii made the first 
flight, with the aircraft on skis, from 
the snow-covered Central Airfield on 
13 January 1940. Other members of 
the flight-test brigade were leading 
engineer A I Yastrebov and technician 
F Z Sbitnev. The first flight was cut 
short by rapidly rising oil temperature. 
The OKB flight-test programme 
was to comprise forty-three flights 
totalling 13hr 9min. ‘The first flight on 
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wheels was No. 25, on 19 March 1940. 
Handling was good, and perfor- 
mance close to prediction. Adverse 
features were: poor quality plywood 
skins; endless difficulty with the 
undercarriage; and severe problems 
with the entire propulsion system. 

The undercarriage problems cen- 
tred around the persistent unreliabil- 
ity of both the uplocks and downlocks, 
and the fact that the thrust of the actu- 
ating rams increased towards the end 
of each stroke. Thus after takeoff, if 
speed was allowed to exceed 220km/h 
the gear could not be retracted, 
whereas once the cycle had been initi- 
ated the wheels slammed against the 
top of their wells. On extension the 
legs moved increasingly fast, so that 
the radius rods could be damaged in 
arresting them. 

The engine was so immature that, in 
the incomplete OKB programme, 
there were fifteen forced landings. Five 
engines and several propellers were 
used. Severe trouble was experienced 
with both the oil and coolant radiators, 
with overheating and gross loss of both 
liquids. Reliability was gradually 
improved by re-soldering the oil and 
coolant joints, fitting new radi- 
ators, changing the propellers to the 
VISh-61P (able to operate in winter 
temperatures) with a new constant- 
speed unit, fitting improved carburet- 
tors, magnetos and plugs, and 
modifying the undercarriage and 
fitting different wheels. 

Just as the I-26-1 was becoming 
more reliable, on 27 April 1940, it 
crashed near Petroy Park, killing 
Piontkovskii. It was clear that there 
had been inflight failure of wing skins, 
and the cause was surmised as impact 
of the retracting wheels, or of the 
wheels swinging freely after uplock 
failure. 





Span 10m (32ft 9%in); length 8.48m (27ft 
9kin); wing area 17.15sq m (184.6sq ft). 

Weight empty 2,206kg (4,863lb); fuel 305kg 
(672lb); maximum loaded weight 2,600kg 
(5,732Ib). 

Maximum speed 580km/h (360mph) at 
5,000m; time to climb to 5,000m, 5.2min; service 
ceiling 11,150m (36,580ft); range c700km (435 
miles); landing speed 129km/h (80mph); no 
other data. 


I-26-2 The second prototype had 
an M-105P driving a VISh-61P pro- 
peller. The oil cooler was of U-shape, 
relocated under the crankcase. The 
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cowling was made of six panels instead 
of four, the fuel system was improved, 
the wing skins ahead of the spar were 
thickened from 5 to 8mm at the root 
and from 2.5 to 3mm at the tip, and the 
internal structure was strengthened, 
the wing auxiliary attachment bolts 
were increased in number from two to 
six, the tail bolts were increased from 
four to six, and the pilot armour was 
9mm thick. Armament was fitted, 
comprising a ShVAK (120 instead of 
130 rounds) and the two upper 
ShKAS (380 rounds each), the lower 
pair being omitted. The PAN-23 sight 
was replaced by the PBP-1 reflector 
type. There was still no radio nor night 
equipment. 

The I-26—2 was built between 9 Jan- 
uary and 14 April 1940. Painted in 
OKB colours, it was assigned to test 
pilot S A Korzinshchikoy, the leading 
engineer and technician being as 
before. It first flew on 14 April, and 
loss of the first prototype 13 days later 
meant that the second aircraft had to 
combine performance measurement 
with continued rectification of faults. 
It was still structurally weak, limiting 
it to 6.5 g, and with many manoeuvres 
prohibited. Despite this, the I-26—2 
was handed to NII-VVS for State test 
on | June 1940. It was flown by the CO, 
A I Filin, by test pilots A S Nikolayev 
and P M Stefanovskii, and by many 
other test pilots of great experience. 
Even with all the problems (123 
defects were listed) the fifty-two-flight 
evaluation was very positive. The 
poorer climb (compared with I-26-1) 
was due to a limit on engine rpm to 
2,400, and the long landing run to the 
shallow ground angle of 24deg. On 15 
June I-26—2 was handed to GAZ No. 


301 as a pattern aircraft. Differences 
in data: 


Weight empty 2,318kg (5,1101b); maximum 
loaded weight 2,803kg (6,1791b). 

Maximum speed, 490km/h (304mph) at sea 
level, 585.5km/h (364mph) at 4,800m; time to 
climb to 5,000m, 6min; service ceiling 10,200m 
(33,465ft); takeoff run 300m (984ft); landing 
speed 135km/h (84mph), landing run 540m 
(1,771 ft). 


I-26-3 The third prototype at last 
had a strong skin over the leading edge, 
with 107 percent of the calculated 
breaking strength. Most of the NII- 
VVS defects were rectified. The cock- 
pit was ventilated, heat from the 
radiator screened, and bungees fitted 
to hold back the canopy when selected 
open. The carburettor inlet duct was 
redesigned, starting at the root of the 
starboard wing. The gun-trigger force 
(previously 27kg) was greatly reduced, 
the magazines were enlarged, giving 
135 rounds of 20mm and 750 for each 
ShKAS, and to avoid tail damage the 
spent cases and links were collected. 
Pneumatic-system pressure was raised 
from 40 to 50atm (735Ib/sq in) to 
ensure undercarriage retraction at 
speeds even higher than the best 
climbing speed, the uplocks were 
strengthened, and mechanical indica- 
tors were arranged to project above the 
wing with gear extended. New equip- 
ment included a cockpit light on the 
control column and a_pitot-tube 
heater. 

The third prototype was completed 
on 17 September 1940, and flown by 
Korzinshchikoy on the 18th. OKB 
testing was completed in twenty-seven 
flights by 12 October, and on the fol- 
lowing day it was handed to NII-VVS 


with no flight limitations. It passed 
easily, with the proviso that series air- 
craft (then coming off two assembly 
lines) should have improved oil cool- 
ing, better carburettors, radio, night 
equipment, a cockpit fuel gauge and a 
variometer (VSI). In 1941 I-26—3 was 
handed to 12 IAP (fighter regiment) at 
Central Airfield. Differences in data: 


Weight empty 2,401kg (5,293lb); maximum 
loaded weight 2,801kg (6,1751b). 


UTI-26 The UTI-26-1 was a tandem 
dual-control trainer prototype, the 
instructor being in the added rear 
cockpit. This required the wing to be 
moved 100mm (4in) to the rear and the 
main radiator to be moved 1.25m 
(49in) further forward, and for the cg 
range to be extended from 4 to 8 per- 
cent of the mean chord. The cannon 
was removed, leaving the two ShK AS, 
each with 500 rounds. New equipment 
included a combat camera and instru- 
ment-flight screens in the front cock- 
pit, and a footrest for the instructor. 
Intercom was by a Gosport tube. 

OKB testing was handled by 
P Ya Fedrovi, with mechanic MM 
Shipanov. Twenty flights between 23 
July and 25 August 1940 confirmed no 
significant change in handling, com- 
pared with the single-seater, and also 
that reducing the diameter of the 
VISh-61 propeller to 2.8m would give 
a trivial increase in speed (2—-4km/h). 
It revealed leakage of compressed air, 
demanding frequent landings to 
recharge the reservoirs. This was seri- 
ous, because loss of pressure made it 
impossible to start the engine or oper- 
ate the undercarriage, brakes, flaps or 
guns. 

NII-VVS testing from 28 August 
was interrupted by downlock failure 
and collapse of the port main leg, but 
was completed on 19 September. The 
pilots, led by Stefanovskii and A G 
Kubyshkin, also criticized the limited 
elevator travel. 

On 19 September the UTI-26-1 
was handed to 11 [AP at Kubinka, then 
converting to the first Yak-ls from 
GAZ No. 301. State testing was com- 
pleted on 25 September, when the 
trainer was passed for production as 
‘the only training type for conversion 
to all the newest fighters’. 


UTI-26—2 A second trainer was com- 
pleted on 17 September 1940. The 
main leg was inclined forward 5deg, 


and its fork was made of steel, to carry 
a wheel with a tyre enlarged to 650 
by 200mm, and the tailwheel tyre 
was widened to 125mm (4.9in). New 
bomb-type undercarriage uplocks 
were fitted, with springs, and the 
mechanical indicators were changed to 
indicate not leg position but lock posi- 
tion. When retracted the leg and half 
the wheel were faired by a single panel, 
a small door hinged to the wing being 
added to cover the remainder of the 
wheel. Whilst keeping total area at 
3.05sq m, the horizontal tail was 
redesigned to increase area of the 
tailplane from 1.82 to 1.93sq m, reduc- 
ing the elevators from 1.23 to 1.12sqm 
and making them less sensitive. Stabil- 
ity was considerably improved by 
moving the cg from 26 to 23.2 percent 
chord, and among other changes the 
form of the oil cooler and carburettor 
inlets were improved. 

The UTI-26-2 underwent factory 
test between 16 September and 12 
December 1940, and NII-VVS testing 
from | January to 14 February 1941. It 
then remained at Zhukoyskii on fur- 
ther tests before being handed to 12 
IAP to assist conversion to the Yak-1. 
This time the State test report said 
‘highly suitable’. Handling was sur- 
prisingly good in every respect, and 
the final report signed by NII-VVS 
chief Gen-Maj A I Filin was devoid 
of criticism. This was later to lead to 
this two-seater not only going into 
production as the Yak-7UTI trainer 
but also, unexpectedly, being recon- 
verted back into a single-seat fighter. 
Data for both prototypes, where 
different from I-26: 















































I-28. (Yefim Gordon Archive) 


Weight empty 2,181kg (4,8081b); maximum 
loaded weight 2,750kg (6,063Ib). 

Maximum speed 500km/h (311mph) at sea 
level, 586km/h (364mph) at 4,500m; time to 
climb to 5,000m, 5.5min; service ceiling 9,400m 
(30,840ft); takeoff run 310m (1,017ft); landing 
speed 125km/h (78mph), landing run 550m 
(1,805ft). 





I-28 





By the beginning of 1940 Yakovlev was 
responding to the need of the IA-PVO 
for an air-defence interceptor with 











the best possible high-altitude per- 
formance. The key to this was a special 
version of Klimov’s established M-105 
engine, the M-105PD. This incorpo- 
rated a two-stage supercharger, the 
E-100, by V A Dollezhal. The second 
stage was permanently geared up from 
the crankshaft. As the aircraft climbed 
above the engine’s initial rated altitude 
of 2,350m (7,710ft) oil began to be fed 
into a set of three hydraulic clutches to 
start driving the larger first impeller, 
until at 6,650m (21,818ft) the slip in 
the first-stage drive was close to 
zero. This was similar to the British 
Rolls-Royce Merlin 60-series, but with 
the addition of a fluid drive similar to 





1-28. (RART, Yefim Gordon Archive) 
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those of the contemporary German 
single-stage engines. 

Apart from the PD engine, which 
was rated at 1,160hp, driving a VISh- 
61ShA propeller, the I-28 was based 
on the existing prototypes. The wing 
differed in having less taper, so that 
the tips were broader which facilitated 
the addition of large automatic slats. 
The pitot tube was moved back 
under the outer port wing. Span was 
decreased to hold wing area at the orig- 
inal value of 17.15sq m. The tail was 
all-D1, with aerodynamics similar to 
those of the UTI-26-2. The under- 
carriage was again of UTI-26—2 type, 
but armament was similar to that of the 
I-26-2 and -3. Of course, there were 
considerable differences to the engine 
installation, particularly to the fuel and 
oil piping and oil tank. The only other 
changes were addition of an engine- 
driven generator and RSI-3 radio, with 
a wire antenna but no mast. 

Construction of the single I-28 was 
started on 10 July 1940, and it was 
handed to the OKB test team on 
29 October. The assigned pilot 
was Fedrovi, with leading engineer 
VV Barsukov and mechanic M M 
Shchipanoy. The engine suffered from 
vibration, which led to repeated pipe 
fractures. It also smoked badly and 
gave such trouble that the first flight 
was not attempted until 1 December. 
After 20 minutes the engine seized, 
caused by a fractured oil pipe. With a 
replacement engine, the I-28 was 
handed to the LII-NKAP, but its 
further development was discontinued 
in 1942. 

OKB documents described this 
aircraft as the No. 28, I-28N and 
I-28V, and the designation Yak-5 
was reserved for a possible series 
version. Yakovlev later developed the 
Yak-7PD and the Yak-9PD and 
Yak-9/M-106PV. Data where differ- 
ent from previous: 





Span 9.74m (31ft 11in). 

Weight empty 2,450kg (5,401Ib); fuel 310kg 
(683lb); maximum loaded weight 2,928kg 
(6,4551b). 

Maximum speed 515km/h (320mph) at sea 
level, 650km/h (404mph) at 9,000m; time to 
climb to 5,000m, 5.2min; service ceiling 
12,000m (39,370ft); landing speed 132.5km/h 
(82mph). 





I-30 
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Development of this aircraft began in 
1940 as a heavily armed fighter for use 
against bombers and ground targets, 
including armour. Starting out as 
versions of I-26, the two prototypes 
emerged as totally different air- 
craft. The I-30-1, also called the 
Yak-3-1941 and in some documents 
referred to as the I-26U and also as the 
Yak-1M, was completed in April 1941. 
The Dubler, the ‘doubler’ or second 
example, designated I-30-2, followed a 
month later. 

Both initially were powered by 
the M-105PD engine driving a 
VISh-61ShA propeller. The wing, 
though similar in plan to that of the 
1-28 (but of slightly greater area), was 
structurally quite new. It was made 
entirely of D1 light alloy, and com- 
prised a centre section, with a hori- 
zontal underside and anhedral on the 
upper surface, and outer panels with 
considerable dihedral and large auto- 
matic slats. In the root of each outer 
panel was a ShVAK-20, with 130 
rounds, the fuselage armament 
remaining as on the I-26—2 and -3. 

Other changes, compared with the 
I-26, were numerous. The main 





undercarriage was given longer-stroke 
shock struts, carrying wheels with 
enlarged tyres (the same as on the 
UTI-26-2). While holding extension 
pressure at 10atm, the pneumatic 
pressure required for retraction was 
reduced to 7atm, enabling ten under- 
carriage cycles to be performed for 
each charging of the reservoirs. A new 
retractable tailwheel was fitted, with a 
simple fairing attached to the leg. The 
new wing enabled fuel capacity to be 
increased to 535 litres (1 17.7gal), 
which in turn required the oil tank to 
be enlarged to 40 litres. The fuel was 
fed through a 30-litre intermediate 
tank, and each tank group was fitted 
with a warning indicator when con- 
tents fell to 50 litres. The aileron drives 
were run behind the rear spar, where 
they were easily accessible, and all con- 
trol surfaces were fitted with improved 
screwjack-actuated trimmers. 

The engine installation was com- 
pletely new. The cowling was rede- 
signed to eliminate interior framework, 
and the engine was separated from the 
two ShKAS so that engine changes left 
the guns unaffected. The spinner was 
made quickly detachable, the ejector 
exhausts were improved and shrouded, 
and the oil cooler and wing-root engine 
air inlets were improved aerodynami- 
cally and fitted with filter grilles. The 
cockpit was provided with harness 

















1-30-1 (lower side view, I-30-2). (Yefim Gordon Archive) 








1-30 8665 





I-30-1. (Yefim Gordon Archive) 





I-30-2. (Petrov collection via RART) 
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adjustment, a control column with R-1 
fire-control switches copied from the 
Messerschmitt Bf 109, and easier 
access to instruments and controls. A 
landing light was added in the leading 
edge. 

The I-30-1 was assigned to Fedrovi, 
supported by leading engineer G V 
Sedel’nikoy, mechanic O V Yanitskii 
and engine fitter B A Poletayev. It first 
flew on 12 April 1941, It made twenty- 
three flights before its troubled engine 
was replaced by a regular M-105P, 
driving a VISh-61P propeller. It then 
flew twice more, on 13 and 17 June, 
bringing factory flight time to 13hr 
15min. Then, between 23 June and 3 
July, it flew nearly 19 hours in forty- 
two flights on State test at the NII- 
VVS. It was regarded as outstanding. 
Moving the centre of gravity from 26 
to 23.2 percent chord, and adding 
slats, made the I-30 exceptionally agile, 
stable and controllable. Despite the 
increase in weight, manoeuvres could 
be made at 125km/h, and mock com- 
bat against a MiG-3 showed the I-30 to 
be far superior. 

The I-30—2 first flew in May 1941. 
There is confusion over this aircraft. A 
standard reference, Yak Fighters of the 
Great Patriotic War by A 'T Stepanyets, 
states that little is known of the Dubler, 
beyond the fact that in May 1941 it was 
handed to LII-NKAP where it 
crashed. These seems little doubt that 
a photograph captioned by Stepanyets 
as the rebuilt No. 1 aircraft does in fact 
show the Dubler, because there was no 
time to rebuild the first aircraft so 
completely. Features of this modified 
aircraft include: the original oil cooler 
was replaced by a new design of flat oil 
radiator, one of which was mounted in 
each inboard leading edge; the outer 
wings were made of wood, without 
slats; and RSI-4 radio was fitted, with 
a wire antenna and mast. 

Though Stepanyets states that the 
Dubler was not presented for State 
testing, it must have gone to the NII- 
VVS, and at an early date, because 
their report stated that both its cockpit 
layout and installation of wing cannon 
should be made the standard for all 
VVS fighters. The NII-VVS recom- 
mended immediate production of the 
I-30, with the slatted metal outer 
wings, with the designation Yak-3. 
Even before the I-30-1’s first flight, in 
April 1941, GAZ No. 81 was ordered 
to switch from the Yak-4 to the Yak-3 
immediately. On 9 December 1941 


the NKAP ordered GAZ No. 292 
to switch from the Yak-1 to the 
Yak-3, and the I-30-1, redesignated 
Yak-3—1941, was flown to Saratov as a 
pattern. A further order was placed on 
GAZ No. 83 at Khabarovsk. 

Unfortunately, no series aircraft 
were built. The desperate front-line 
demand kept the Yak-1 and Yak-7 in 
production, there were no spare 
M-105P engines, the wholesale loss of 
overrun factories and evacuation of 
their staff disrupted plans, and there 
was not enough light alloy. The I-30-1 
was lightened by removal of all except 
the engine-mounted gun, and used by 
434 IAP until it was written off in 
December 1942. 

The designation Yak-3 was later 
used for a different fighter. The 
Yakovlev OKB has a_ three-view 
labelled I-30 showing an aircraft with 
a length of 8.5m and a cut-down rear 
fuselage similar to the Yak-1M. Data 
for I-30-1 with M-105P: 





Span 9.74m (31ft 114in); length [like all pre- 
vious] 8.48m (27ft 9%in); wing area 17.36sq m 
(187sq ft). 

Weight empty 2,550kg (5,622Ib); fuel and oil 
383+35kg (844+771b); maximum loaded weight 
3,130kg (6,9001b). 

Maximum speed 476km/h (296mph) at sea 
level, 571km/h (355mph) at 4,900m; time to 
climb to 5,000m, 7min; service ceiling 9,000m 
(29,530ft); range 975km (606 miles); takeoff run 
303m (994ft); landing speed 142km/h (88mph), 
landing run 525m (F1,722ft). 








Yak-1 








The first Yak-1 was completed at the 
small GAZ No. 301 in Moscow on 
22 March 1940. By early June the 
remaining ten of the service-evaluation 
batch had been delivered. By this time 
great effort was being put behind 
Yakovley’s fighter, and the much larger 
No. 292 factory at Saratoy was tooling- 
up to build it. By 1 January 1941 pro- 
duction had reached one aircraft per 
day, with a total of 48 delivered from 
Moscow and 16 from Saratov, In 1941 
Moscow completed its contribution 
with a further 69, while Saratov deliv- 
ered 1,212, reaching three per day. In 
1942 this factory’s output neared ten 
per day with 3,474, tapering off to 
2,720 in 1943 and ending (replaced by 
the Yak-3) in July 1944 with a further 
1,128. Together with sixty-five Yak-1s 
built by GAZ No. 30 and two by GAZ 
No. 47 the grand total for all versions 
of Yak-1 was thus 8,734. 

Though in June 1941 it was out- 
classed by the Messerschmitt Bf 109, 
the Yak-1 proved to have the necessary 
combination of easy handling, combat 
agility, crudity, simplicity, small frac- 
tion of scarce materials (there was 
never a shortage of wood or steel) and 
all-round toughness to meet the des- 
perate needs of the VVS-RKKA and 
A-VME. Whereas the  previous- 














Yak-1 early series, late 1941 (with RS-82 rockets). (Yefim Gordon Archive) 


















































Yak-1 improved, almost a Yak-1B (inset, top view of nose). (Yefim Gordon Archive) 





generation I-16 was basically unstable 
and tricky to the point of being dan- 
gerous, the Yak-1, though 100km/h 
faster, was much safer, and killed far 
fewer pilots through accidents. Even 
without night equipment, thousands 
of sorties were flown at night, often in 
very bad weather. 


The evaluation batch The ini- 
tial batch of eleven aircraft were 
produced at a time when the I-26 
prototypes had hardly begun to reveal 
the need for modifications. To assist 
Factory 301 the OKB sent the 
usual team of specialists, headed 
by K V Sinyel’shchikoy. Tooling-up 
proceeded in great haste, and while 
the only drawings were those of the 
1-26-1, with armament added, many 
of the processes and techniques were 
unfamiliar. All eleven aircraft thus 


differed, all suffered various defects 
(as did the I-26 prototypes) and none 
had fuel gauges, generators or radio. 
The first series aircraft needed 
much reworking before it finally flew 
on 7 June 1940. It was then fitted with 
a much stronger leading-edge skin, as 
were the rest of the batch. All eleven 
were then flown intensively by 11 IAP 
at Kubinka in October/November 
1940, logging 392 hours in 1,222 
flights with generally excellent results. 


Thanks to their location the guns 
did not freeze in flight, but a grille was 
added to protect the radiator from 
spent shell-cases. Another problem 
was short tyre life, especially on the 
tailwheel. Differences in data from 
1-26: 


Weight empty 2,364kg (5,212Ib); maximum 
loaded weight 2,844kg (6,270Ib). 


Maximum speed 473km/h (294mph) at sea 
level, 573km/h (356mph) at 4,860m (15,945ft); 
climb to 5,000m, 5.3min; service ceiling 9,300m 
(30,510ft); range 700km (435 miles); takeoff run 
340m (1,115ft); landing speed 137km/h 
(85mph), landing run 540m (1,772ft). 


Mass production Production was 
authorized at GAZ No. 47 (Leningrad) 
in a decree of 4 May 1940, at No. 301 
(Moscow) on 16 May and at No. 292 
(Saratov) on 29 May. Factory 301 built 
117 by March 1941, when it switched 
to the Yak-7UTI. GAZ No. 47 assem- 
bled two aircraft from kits sent from 
Factory 301 before being evacuated to 
Chkaloy and given different work. 
Another sixty-five aircraft were assem- 
bled at GAZ No. 30 in Moscow from 
kits produced by GAZ 301. The big 
Saratov plant produced its first Yak-1 
(05-11) in September, to be tested in 
October by Col P N Shustov. Saratov 
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Yak-I first series. (OKB) 


subsequently produced almost all the 
Yak-1s, as already noted. 

From the start, the Saratov aircraft 
were of higher quality, though faults 
were rectified only gradually. In 
November 1941 20-24 (24th from 
Batch 20) went to NI-VVS. They 
approved the electrical bonding and 
ignition screening, allowing fitting of 
an RSI-4 receiver. Every tenth aircraft 
also had the RSI-4 transmitter. Wel- 
come modifications included a landing 
light in the leading edge, a signal pis- 
tol, inerting of the fuel tanks with 
cooled exhaust (later deleted), deflect- 
ing lips on the spinner and cowl to 
keep the windscreen clear of oil, dele- 
tion of the lower main-leg fairings, and 
improved belt feed to the right SAK AS 
(it had tended to twist) and fixing the 
tailwheel in the down position. 





Weight empty 2,445kg (5,390Ib); maximum 
loaded weight 2,950kg (6,5041b). 

Maximum speed 472km/h (293mph) at sea 
level, 569km/h (354mph) at 4,860m; climb to 


5,000m, 5.7min; service ceiling 10,400m 
(34,121 ft); range 650km (404 miles). 
Yak-1/M-105PA Still rated at 


1,050hp, this engine had a strength- 
ened crankcase with improved bear- 
ings, stronger connecting rods, a 
floatless carburettor for sustained 
negative-g, improved boost control 
and propeller constant-speed unit, 
and reduced fuel consumption. This 


improved reliability, but did nothing to 
fight weight growth, and many batches 
had no trimmers on the rudder and 
ailerons. Altogether 2,947 Yak-1s were 
delivered with the P or (most) the PA 
engine. Typical data for 1941: 





Weight empty 2,425kg (5,346lb); maximum 
loaded weight 2,930kg (6,4591b). 

Maximum speed, 472km/h (293mph) at sea 
level, 563km/h (350mph) at 4,850m (15,910ft); 
climb to 5,000m, 5.8min; service ceiling 
10,000m (32,800ft); range 650km (404 miles); 
takeoff run 340m (1,156ft); landing speed 
141km/h (88mph), landing run 530m (1,739ft). 





Yak-1 winter version This vari- 
ant was fitted with semi-retractable 
skis, each 1,650 by 620mm (65 by 
24.4in), the retracted ski projecting 
600mm (23.6in) ahead of the wing 
root. The tail ski was of a type standard 
on all Soviet single-seat fighters. 
Other modifications included thermal 
insulation of the coolant system 
and addition of antifreeze, insulation 
of the oil system and dilution with 
fuel, thick cushioned engine covers 
and blanking plates for the radiators, 
and spraying with MK-7 washable 
white camouflage. Between Septem- 
ber 1941 and 25 February 1942 about 
830 winter aircraft were produced. 
Though they were easy to land, and 
the enemy found it difficult to find 
snow-covered airfields, these aircraft 
were handicapped in combat, and it 


was decided instead to keep airfields 
clear of snow. 





Weight empty 2,475kg (5,456lb); maximum 
loaded weight 2,985kg (6,5811b). 

Maximum speed 441km/h (274mph) at sea 
level, 533km/h (331mph) at 5,100m (16,732ft); 
climb to 5,000m, 5.9min; service ceiling 
10,400m (34,121 ft, the increase not explained); 
range 550km (342 miles); takeoff run 360m 
(1,181ft); landing speed 144km/h (89.5mph), 
landing run 500m (1,640ft). 


Attack stores During the battles 
around Moscow in October 1941 
many aircraft from Batches 43 to 65 
were fitted with racks for six RS-82 
rockets. These were used against 
aircraft, sighting by VV-1 ring/bead, 
and against ground targets, sighting 
by ShKAS tracer. Eventually 1,148 
aircraft were RS-82 equipped, but 
the need to beat the Bf 109F in com- 
bat led to an NKAP order demanding 
removal of rockets, dated 12 May 
1942. This was widely regretted. Data 
with six RS-82: 





Weight empty 2,490kg (5,4891b); maximum 
loaded weight 2,995kg (6,6031b). 

Maximum speed 437km/h (272mph) at sea 
level, 528km/h (328mph) at 4,500m; climb to 
5,000m in 6.2min; service ceiling 9,500m 
(31,168ft); range 760km (472 miles); takeoff run 
400m = (1,312ft); landing speed 144km/h 
(89.5mph), landing run 500m (1,640ft). 


In contrast, a GKO (MoD) decree 
of 2 May 1942 required Yak-] aircraft 
to be fitted by 25 May with two BI-42 
racks for bombs from FAB-25 to FAB- 
100 size. The racks were attached 
under strengthened ribs made of D1. 
They were fitted to aircraft from 
Saratov Batches 5 to 126; then came 
a weight-reduction programme, but 
racks were again fitted from Batch 148 
to the end of Yak-1 production (Batch 
192), a total of 7,139 aircraft. No bomb 
sight was fitted, and a Bowden cable 
(later an electrical circuit) released 
both bombs together. With bombs 
flight characteristics were degraded, 
but with the La-5 and MiG-3 they 
were dangerous, so these rival fighters 
never carried bombs. Data with FAB- 
100: 


Weight empty 2,631kg (5,8001b); maximum 
loaded weight 3,136kg (6,914Ib). 

Maximum speed 442km/h (275mph) at sea 
level, 528km/h (328mph) at 4,700m; climb to 
5,000m, 7.2min; service ceiling 8,600m 
(28,215ft); range 615km (382 miles); takeoff 
440m _ (1,444ft); landing 145km/h (90mph), 
530m (1,739ft). 


Yak-1/M-105PF The PF (boosted) 
engine was cleared for boost pressures 
raised from 910 to 1,050mm Hg, but 
the rated altitudes were lowered: 


M-105PA M-105PF 


Sea level 1,020hp  1,210hp 
First 
rated 1,100hp at 1,260hp at 
altitude —_2,000m 700m 
Second 
rated 1,050hp at 1,180hp at 
altitude 4,000m 2,700m 


To increase heat release the larger 
OP-352 oil radiator was fitted, in an 
improved duct, and the grille was 
removed from the main radiator, but 
severe limitations on rpm had to be 
observed if the engine was not to over- 
heat. Despite this, the PF engine 
enabled the Yak-1 to’ engage the Bf 
109F and 109G on at least level terms. 
Indeed, starting with 236 IAP, many 
units reset their existing PA engines 
to a limit of 1,050mm and enjoyed 
similar performance gains. 

GAZ No. 292 changed to the PF 
engine with aircraft 29-85 completed 
in August 1942. This was the standard 
engine to the end of production in 
July 1944, 5,672 Yak-Is being built 
with it. 





Weight empty 2,412kg (5,317Ib); maximum 
loaded weight 2,917kg (6,43 11b), both figures the 
same as the preceding aircraft, 29-84 with the 
PA engine. 

Maximum speed 510km/h (317mph) at sea 
level, 571 km/h (355mph) at 3,650m (11,975ft); 
climb to 5,000m, 6min; service ceiling 10,000m 
(32,800ft); range 650km (404 miles); takeoff run 
360m (1,181ft); landing speed 141km/h 
(88mph), landing run 520m (1,706ft). 


Yak-1 lightened In March 1942 
Saratov produced ten PF-engined air- 
craft with twenty-five modifications 
which reduced weight by 162kg. These 
included removing the two ShKAS 
and magazines, Anazote self-sealing 
tank coatings, rocket racks, radiator 
grille, one air reservoir and one fuel 
gauge, replacing the gunsight by a 
VV-1 ring/bead and replacing the 
wooden tail by the Yak-7 metal type. 
Aircraft 33-60 was tested at the OKB 
in May 1942, and Fedrovi marked it 
highly. In September twenty aircraft 
from Batch 96 were also lightened, in 
this case by fitting the metal tail and 
removing the ShKAS, the ShVAK 
pneumatic loader, the radio and mast, 
the generator and the night equip- 
ment, saving 137kg. Aircraft 45-96 
went to NII-VVS, the rest doing out- 
standingly in combat. The experience 
assisted the design of the Yak-3. Data 
for 45-96: 


Weight empty 2,350kg (5,1811b); maximum 
loaded weight 2,780kg (6,129Ib). 

Maximum speed 526km/h (327mph) at sea 
level, 592km/h (368mph) at 3,800m; climb to 
5,000m, 4.7min; service ceiling 11,000m 
(36,090ft); range 1,000km (621 miles); takeoff 
run 285m (935ft); landing speed 132km/h 
(82mph), landing run 530m (1,739ft). 


Yak-1 with improved aero- 
dynamics Assisted by CAHI and 
LII-NKAP, Yakovlev responded to 
the threat of later Bf 109G aircraft 
by detail modification of the spinner, 
exhaust shrouds, canopy, oil and 
coolant radiators and all panel joints. 
The tailwheel was again made re- 
tractable, and sealed partitions were 
added in the fuselage. Aircraft tested 
were 16—99 in October 1942, followed 
later by 23-148 and 46-139. The re- 
finements were on all Yak-ls from 
Batch 111 to the end, a total of 4,461 


aircraft. 





Weight empty 2,395kg (5,2801b); maximum 
loaded weight 2,900kg (6,393Ib). 

Maximum speed 523km/h (325mph) at sea 
level, 590km/h (367mph) at 3,850m (12,631ft); 
climb to 5,000m, 5.6min; service ceiling 9,500m 
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(reduction not explained); range est 950km (590 
miles); takeoff run est 320m (1,050ft); landing 
speed 140km/h (87mph), landing run 500m 
(1,640ft). 


Yak-1B Back in June 1942 a Saratoy- 
built aircraft with PA engine (35-60), 
which had served in a Moscow PVO 
unit, was modified at the OKB. The 
rear fuselage deck was lowered, a new 
Plexiglas rear fairing added, the 
canopy made with optically flat side 
panels and a rear-view mirror added. 
The pilot was protected by front 
and rear armour-glass screens, a rear 
armour plate and an armoured rest for 
his left arm. 

The two ShKAS were replaced by a 
single 12.7mm UBS with 200 rounds. 
The ShVAK pneumatic system was 
deleted, the unreliable OPB sight was 
replaced by a simple VV-1 ring/bead, 
and the cable and pneumatic release 
systems for bombs or rockets replaced 
by electric signalling. This aircraft did 
well at NII-VVS between 4-14 July 
1942, and on 11 August a GKO direc- 
tive instructed Saratov to produce 
this version — which became known as 
the Yak-1B — only. The total was 4,188, 
and from Batch 127 in March 1943 
the ShVAK magazine was upgraded 
from 120 rounds to 140 and the UBS 
from 200 to 240. Data for a typical 
1943 Yak-1B: 





Weight empty 2,316kg (5,106lb); maximum 
loaded weight 2,884kg (6,358Ib). 

Maximum speed 531km/h (330mph) at sea 
level, 592km/h (368mph) at 4,100m (13,450ft); 
climb to 5,000m, 5.4min; service ceiling 
10,050m (32,972ft); range 700km (435 miles); 
takeoff run 340m (1,115ft); speed 137km/h 
(85mph), landing run 560m (1,837ft). 


Yak-1/M-106 The M-106 was an 
M-105P with a Dollezhal single-stage 
single-speed supercharger, giving a 
sea-level power of 1,250hp and maxi- 
mum boost pressure of 1,175mm at 
2,400m. At this height 1,350hp was 
available, power falling away thereafter. 
Ordered on 9 January 1941, the Yak-1 
with this engine was completed at 
Novosibirsk in December 1942. It was 
fitted with a wing with spars made of 
D1, a Yak-7 tail, a modified radiator 
and a 9-in oil cooler relocated in the 
wing. Armament comprised a ShVAK 
and a UBS. 

Tested in January 1943, this air- 
craft showed improved performance 
marred by poor engine behaviour, 
including vibration, smoke, detona- 
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Yak-1 38-55 (38th of SSth series), first with M-I05PA engine, November 1941. (Bill Gunston 


collection) 


tion, oil spill and plug oiling. Despite 
this, by 18 February 1943 Saratov had 
produced forty-seven Yak-1/M-106 
aircraft, thirty-two with the original 
radiator. None left the factory airfield 
until they had been refitted with an 
M-105PF. 





Weight empty 2,427kg (5,3501Ib); maximum 
loaded weight 2,927kg (6,4531b). 

Maximum speed 535km/h (332mph) at sea 
level, 610km/h (379mph) at 3,750m (12,300ft); 
climb to 5,000m, 5.6min; service ceiling 9,900m 
(32,480ft); range 650km (404 miles); takeoff run 
320m (1,050ft); landing speed 140km/h 
(87mph), landing run 530m (1,739ft). 


Yak-1 MPVO In 1943-44 Saratov’s 
production included 385 aircraft mod- 
ified for PVO air-defence units. Addi- 
tions included the FS-155 headlight, 
VR-2 VSI, AG-5 horizon and RPK-10 
D/F receiver. The extra weight had 
little effect on performance. 








Yak-7 








As previously noted, the two Yakovlev 
UTI-26 prototypes were welcomed by 
the VVS as being an ideal basis for a 
conversion trainer for the pilots of all 
single-seat fighters. This trainer was 
designated Yak-7. What was com- 
pletely unexpected was that in many 
respects these two-seat aircraft showed 
even better handling than the Yak-1 
fighter, and a similar level of perfor- 
mance. Accordingly, to meet the des- 
perate need for fighters after 22 June 
1941 the two-seater was reverse-mod- 
ified back into a fighter, and the Yak-7 
was eventually subjected to eighteen 


major modifications, ten of these being 
produced in series. The production 
programme was: 


GAZ No. 

(factory) 1941 1942 1943 1944 total 
301 

(Moscow) 186 186 
153 

(Novo- 

sibirsk) 21 2,211 2,656 4,888 
82 

(Moscow) 215 640 465 1,320 
21 

(Gor’kii) 5 5 





207 2,431 3,296 465 6,399 


Yak-7UTI This was the initial 
series dual-control trainer, based 
on the UTI-26-2. The engine was 
the M-105PA rated at 1,050hp, but 
with rpm limited to only 2,350 by 
adjusting the propeller constant- 
speed unit. This reduced perform- 
ance, but kept coolant temperature 
within the limits. The armament 
comprised one ShKAS on the left, 
with 500 rounds, and the tailwheel 
was fixed. 

On 4 March 1941 the NKAP 
instructed GAZ No. 301 to change 
over immediately from Yak-1 produc- 
tion to the Yak-7UTI. The first series 
aircraft, 01-02, was first flown by 
Fedrovi from the Central Airfield on 
18 May 1941. A total of 186 aircraft 
were delivered, painted in regular 
front-line camouflage of green/black 
with pale blue underside, before in 
September the factory was evacuated 
to merge with No. 153 at Novosibirsk. 
By that time it had been decided to 
replace this version by the simplified 
Yak-7V. 


Yak-7R Many Yak-7UTI were 
used for front-line reconnaissance. 
Two were modified, with designa- 
tion Yak-7R, with an AFA-1 camera, 
RSI-4 radio (requiring — electrical 
bonding and ignition screeening) and 




















Yak-7B, with RS-82 rockets (inset, Yak-7V) (Yefim Gordon Archive) 
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Yak-7-37. (Yefim Gordon archive) 


a ShVAK cannon. Later this designa- 
tion was used for a different project, 
see later. 





Span 10m (32ft 9%in), as I-26; length 8.5m 
(27ft 10%in); wing area 17.15sq m (184.6sq ft), as 
1-26. 

Weight empty 2,285kg (5,0371b); fuel 300kg 
(661lb); maximum loaded weight 2,800kg 
(6,173lb). 

Maximum speed 490km/h (304mph) at sea 
level, 586km/h (364mph) at 4,500m; climb to 
5,000m, 6.6min; service ceiling 10,100m 
(33,136ft); range not recorded; takeoff run 360m 
(1,181ft); landing speed 125km/h (77.7mph), 
landing run 445m (1,460ft). 


Yak-7/M-105PA When the war 
started the OKB engineer at Factory 
301, K V Sinel’shchikoy, took aircraft 
04-11 off the line and equipped it for 
combat operations. Leaving the front 
cockpit unchanged, and available for 
passengers or equipment, he fitted a 
ShVAK (120 rounds), two ShKAS 
(each 750 rounds) and racks for six 
RS-82. The gun-camera was deleted, 
armour was put in the rear cockpit, and 
the fuel tanks protected by carbon di- 
oxide inerting and self-sealing coating. 

Apart from being more versatile 
than the Yak-1, this fighter was rather 
more agile (partly because of the dif- 
ferent tailplane/elevator design), the 
forward cg position near 20.5 percent 
chord improved stability, the tyres 
were better matched to the weight, and 
the landing could be shortened by 
harsher braking. Yakovlev was soon 
won over, and in August 1941 GAZ 
Nos. 153 and 301 were both ordered to 
produce this aircraft (the NKAP order 


erroneously said ‘Yak-1’ instead of 
‘derived from Yak-1’). 





Weight empty 2,477kg (5,4611b); fuel 305kg 
(672lb); maximum loaded weight 2,960kg 
(6,526lb). 

Maximum speed 471km/h (293mph) at sea 
level, 560km/h (348mph) at 5,000m; climb to 
5,000m, 6.8min; service ceiling 9,250m 
(30,348ft); range 643km (400 miles); takeoff run 
375m (1,230ft); landing speed 136km/h 
(84.5mph), landing run 550m (1,804ft). 

In late 1941 Yak-7 fighters were 
delivered from GAZ No. 153 on skis 
made in the factory, with the standard 
fixed tail ski. Data: 





Weight empty 2,523kg (5,562lb); maximum 
loaded weight 3,008kg (6,6311b). 

Maximum speed 440km/h (273mph) at sea 
level, 520km/h (323mph) at 5,000m; climb to 





5,000m, 6.8min; service ceiling 9,250m 
(30,348ft); range 590km (367 miles); takeoff run 
460m (1,509ft); landing speed 145km/h 


(90mph), landing run 445m (1,460ft). 


Yak-7M Engineers at Factory 292 at 
Saratov devised this improved fighter, 
features of which included: a wing 
similar to that of the I-30-1, but with 
flap area increased from 1.77 to 2.15sq 
m; armament of three ShVAK, one 











Yak-7/M-82 (inset, Yak-7DI). (Yefim Gordon Archive) 
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Yak-7/M-82 in OKB prototype shop. (OKB) 


with 120 rounds and the others in the 
wings with 100 each, plus six RS-82; 
and an FS-155 landing light. The wing 
cannon reduced fuel capacity, but the 
rear cockpit was gutted and fitted with 
an 80-litre (17.6gal) tank. 

The Yak-7M was tested by the NII- 
VVS at Chkalovskoye from 5 October 
1941, and after the evacuation to 
Sverdlovsk the report was written in 
January 1942. It recommended imme- 
diate production, but in the prevailing 
conditions it was deemed preferable to 
hasten output of existing types. 





Weight empty 2,638kg (5,816Ib); fuel 330kg 
(727.5lb); maximum loaded weight 3,160kg 
(6,966.51b). 

Maximum speed 469km/h (291mph) at sea 
level, 556km/h (345.5mph) at 5,100m; climb to 
5,000m, 7.5min; service ceiling 8,750m 
(28,707ft); range 750km (466 miles); takeoff run 
440m (1,444ft); landing speed 145km/h 
(90mph), landing run 650m (2,133ft). 


Yak-7A Degradation of perfor- 
mance, compared with that of the 
UTI-26, resulted in GAZ No. 153, 
with CAHI support, introducing vari- 
ous refinements during production. 
These included replacement of the 
rear canopy by a plywood hatch hinged 
on the right giving a better overall 
shape. The front canopy was given 
positive closed/open locks. The tail- 
wheel was made pneumatically 
retractable, with positive locks, and 
tyre size reduced to 255 by 125mm. 
The flaps were set to Odeg or 55deg, 
the 15deg setting being deleted. The 
ShVAK pneumatic reloading system 
was replaced by a mechanical system, 
gun gas flow was redirected, the 
ShKAS magazines enlarged to take 


500 rounds, and collectors provided 
for cases and links. From Batch 14 
cooled exhaust was piped to inert the 
fuel tanks. The engine was cleared to 
1,150mm manifold pressure for full- 
load takeoffs. Instrumentation was 
modified, and simple float gauges fit- 
ted to the tanks. Finally, complete 
RSI-3/RSI-4 radio was installed. 
These modifications were all incor- 
porated in 14—11, the pattern for 1942 
production at GAZ No. 153. It was 
subjected to combined Factory and 
NII-VVS testing from 16 January 1942 
on skis, data being unchanged, except: 





Maximum speed 451km/h (280mph) at sea 
level, 555km/h (345mph) at 4,950m (16,240ft). 


NII-VVS testing was completed on 
22 February, on wheels: 





Weight empty 2,450kg (5,4011b); maximum 
loaded weight 2,935kg (6,470Ib). 

Maximum speed 495km/h (307.5mph) at sea 
level, 571km/h (355mph) at 5,000m; climb to 
5,000m, 6.42min; service ceiling 9,500m 


(31,168ft); range 643km (400 miles); takeoff run 
410m (1,345ft); landing speed 142km/h 
(88mph), landing run 610m (2,000ft). 

In January-May 1942 GAZ No. 153 
delivered 277 Yak-7A aircraft. They 
proved a match for German fighters, 
and also exceptionally able to survive 
combat damage. 


Yak-7B Though regarded as an 
improyed Yak-7A, the first example of 
this version (Factory 153, aircraft 
14-13) was actually put through com- 
bined GAZ/NII-VVS testing earlier, 
on 28 January to 5 February 1942. A 
major change was to replace the two 
ShKAS by two UBS, with 260 rounds 
(left) and 140 rounds (right). Provision 
for six RS-82 or two FAB-100 was 
retained. The VISh-61P propeller was 
modified to permita fine limit of 20deg 
instead of 23deg. Engine cooling was 
improved by a new housing, ducts and 
exit flaps for the radiator and oil cooler, 
and grilled carburettor inlets were 
made flush with the leading edge, 
angled slightly downwards. Other 
changes included a back-up pneumatic 
system, strengthened canopy and 
improved electrical bonding and igni- 
tion screening. 

GAZ No. 153 delivered 261 to this 
standard in April-July 1942. Though 
one report called it the best fighter in 
VVS service, it suffered from a long 
field length because harsh braking 
caused dangerous overturning. To 
counter this an 80-litre tank was put 
in the rear cockpit, but regiments 
removed this because of the worse 
inflight stability and increased fire risk. 
Other criticisms included the heavy 
weight, lack of rear view, and the need 
to fly with the canopy open because of 
its poor optical quality. 

The success of the Yak-7UTI in the 





Yak-7/M-82. (OKB) 





reconnaissance role resulted in the 
production Yak-7B being equipped for 
an AFA-IM (not -1M) camera on the 
right side of what had been the rear 
cockpit, with a 135 by 135mm aperture 
in the underside skin and electrical 
control. In September 1943 Aircraft 
14-10 from GAZ No. 82 served as a 
pattern, following which GAZ Nos. 82 
and 153 delivered about 350 Yak-7B 
aircraft with the camera installed. 
Designation remained Yak-7B. 





Weight empty 2,520kg (5,5551b); maximum 
loaded weight 3,042kg (6,706lb). 

Maximum speed 500km/h (311mph) at sea 
level, 580km/h (360mph) at 4,850m (15,912ft); 
climb to 5,000m, 6.5min; service ceiling 
10,000m (32,808ft); range 700km (435 miles); 
takeoff run est 440m (1,444ft); landing speed 
145km/h (90mph), landing run est 650m 
(2,133ft). 


Yak-7B/M-105PF Following 
Yakovlev tests in early 1942 with pro- 
gressive increases in boost pressure, 
the PF engine was fitted from Batch 
22. Aircraft 22-41 served as the pat- 
tern for this and many further changes. 
The fuselage structure was lightened, 
the seat was made ground-adjustable 
only, the rear canopy was replaced by 
ply and the decking further revised, 
rocket rails and tow rings on the 
main legs were deleted, the Hispano- 
derived exhaust ejectors were replaced 
by rows of six equal ejectors (one 
per cylinder), and propeller fine pitch 
was restored to 23deg. Among re- 
maining deficiencies, all addressed 
in the Yak-9, were endemic oil loss 
and engine overheating, and inability 


to run up the engine without secur- 
ing the tail or to use brakes fully on 
landing. 

The PF-engined Yak-7B entered 
front-line service over Stalingrad in 
August 1942. A total of 5,120 were pro- 
duced, in Batches 22-50 at GAZ No. 
153 from August 1942 to December 
1943 and in Batches 1-28 at GAZ 
No. 82 from May 1942 to July 1944. 
A proportion (twenty per month) 
were PVO interceptors with the same 
additions as the Yak-1 MPVO. 





Weight empty 2,490kg (5,4891b); maximum 
loaded weight 3,010kg (6,636lb). 

Maximum speed 514km/h (319mph) at sea 
level, 570km/h (354mph) [poorer figure not 
explained] at 3,650m (11,975ft); climb to 
5,000m, 5.8min; service ceiling 9,900m 
(32,480ft); range 645km (401 miles); takeoff run 
435m (1,427ft); landing speed 144km/h 
(89.5mph), landing run 620m (2,034ft). 


Yak-7-37 On 10 April 1942 a Yak-7B 
was completed with its M-105PA 
engine modified to enable not only a 
ShVAK but also a VYa-23 or an 
MPSh-37 to fire through the propeller 
hub. The gun fitted was the 37mm, 
with 330mm (13in) of barrel project- 
ing, fed by a 20-round magazine. This 
gun was 2.7m (106in) long and 
weighed 160kg (3531b); a single strike 
was enough to destroy most aircraft, 
and AP ammunition could penetrate 
50mm (2in) armour at 200m. Two 
UBS were retained (indeed the right 
gun had its magazine increased to 190 
rounds), and as an overload six RS-82 
could be carried, but this would have 


A Yak-7PD, probably serving with 12 IAP. (Yefim Gordon Archive) 
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made the aircraft unacceptably slug- 
gish and vulnerable. 

This prototype had the 9.74m slat- 
ted wing. To accommodate the big gun 
the cockpit was moved 400mm (15%in) 
to the rear, the rear cockpit space being 
eliminated. ‘Tailwheel tyre size was 
restored to 300 by 125mm. ‘Testing 
from 15 April 1942 was interrupted by 
fracture of the big gun barrel, and ter- 
minated when the UBS synchroniza- 
tion failed and a round hit the 
propeller on 10 May. Despite their 
ponderous weight, twenty-two series 
Yak-7B were produced in August 
1942, using the 9.74m wing without 
slats. They saw much action, with fair 
results. 





Span 9.74m (31 ft 11%in); length 8.83m (28ft 
11%in); wing area 17.15sq m (184.6sq ft). 

Weight empty 2,694kg (5,9391b); fuel 300kg 
(661lb); maximum loaded weight 3,235kg 
(7,1321b). 

Maximum speed 485km/h (301mph) at 
sea level, 564km/h (350.5mph) at 4,730m 
(15,518ft); climb to 5,000m, 7.2min; service ceil- 
ing 8,250m (27,070ft); range 550km (342 miles); 
takeoff run 490m (1,610ft); landing speed 


147.5km/h (92mph), landing run 700m 
(2,300ft). 
Yak-7/M-82A In August 1941 


Yakovlev and the engine KB of 
A D Shvetsoy collaborated to fit an 
experimental Yak-7 with an M-82A 
fourteen-cylinder, air-cooled, radial 
engine. The aircraft was fitted with the 
9.74m slatted wing, which was modi- 
fied with reinforced spars and thicker 
skin around two ShVAK cannon each 
with 100 rounds, and with flaps 
enlarged to 2.125sq m. The forward 
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fuselage was modified with a four-bolt 
engine ring, behind which were two 
40-litre fuel tanks, with an 80-litre 
tank in what had been the rear cockpit. 
The rear fuselage deck was not low- 
ered, but the seat and windscreen were 
raised by 100mm (4in) and a Plexiglas 
rear fairing added, inside which was 
a slab of armour glass. The engine 
had a tight cowling with a controllable 
exit door on each side immediately 
ahead of an exhaust pipe serving seven 
cylinders. Behind the engine was a 
45-litre oil tank, the carburettor inlet 
was inside the cowling at the top and 
the ducted OP-293 oil cooler under- 
neath, and the propeller was the 
2.8m (110%in) AV-5L-127. On the 
left side of the fuselage above the 
wing was a UBS with 260 rounds. 
Equipment included fittings for six 
RS-82 rails, an RSI-4 radio and RPK- 
10 D/F with the loop inside the rear 
fuselage. 

Interrupted by the evacuation, the 
work took place at Novosibirsk, where 
Fedrovi flew this aircraft seventeen 
times between 17 January and 13 May 
1942. The large expected gains in 
performance were not realized, mainly 
because there was no room for a pro- 
peller big enough to absorb the avail- 
able power; even with the AV-5L the 
tips were only 170mm (6%in) from 
the ground on takeoff. In addition 
the immature engine proved unreli- 
able, four engines being replaced, 
many pipe breakages (some danger- 
ous) being suffered and aircraft per- 


formance never being measured 
above the first rated full-throttle 
height. 





Span 9.74m (31 ft 114in); length 8.37m (27ft 
54in); wing area 17.15sq m (184.6sq ft). 

Weight empty 2,745kg (6,0521b); fuel 400kg 
(8821b); maximum loaded weight 3,370kg 
(7,429Ib). 

Maximum speed 501km/h (311mph) at sea 
level, 571km/h (355mph) at 2,860m [estimate, 
615km/h (382mph) at 6,400m]; no other 
data. 


Yak-7PD Powered by the experi- 
mental M-105PD engine, this high- 
altitude interceptor was a continuation 
of the work started by the I-28. The 
rear fuselage deck was lowered and a 
rear-view canopy fairing fitted, and the 
only armament was a ShVAK with 120 
rounds. A mast and twin-wire antenna 
were fitted, but lack of screening pre- 
cluded fitting a radio. 

The Yak-7PD was flown on NII- 
VVS test by A G Proshakov between 


17-23 September 1942. The pro- 
gramme was halted because, as the 
aircraft climbed, oil pressure fell 
until it was below the minimum for 
driving the big first-stage super- 
charger. Nevertheless, a photograph 
(reproduced) shows the aircraft in 
front-line service. 





Weight empty 2,452kg (5,406lb); fuel 305kg 
(672Ib); maximum loaded weight 2,904kg 
(6,402Ib). 

Maximum speed 500km/h (311mph) at sea 
level, 611km/h (380mph) at 7,600m (24,935ft); 
climb to 5,000m, 5.4min; service ceiling 
11,300m (37,075ft); range 575km (357 miles); 
takeoff run 400m (1,312ft); landing speed 
138km/h (86mph), landing run 550m (1,805ft). 


Yak-7V On 5 August 1941 section 
chief Cherenkov, in the office at GAZ 
No. 301, suggested that the Yak-7 
trainer should be simplified by mak- 
ing the undercarriage non-retractable. 
The resulting Yak-7V (Vyvoznoi, con- 
veyance) was a multi-role trainer, easily 
flown by a pupil who had previously 
flown only the UT-2, and also handy 
as a utility transport. 

The entire main undercarriage was 
simplified, the leg being in the vertical 
plane but raked forward and the wheel 
having no camber. The wing under- 
skin was broken only by small inspec- 
tion doors at the main leg and at the 
wing/fuselage joints. The tailwheel, 
with a 300 by 125mm tyre, was 
mounted on a simple shock strut of 
mild steel. Armament, tank self- 
sealing and oxygen were deleted, 
together with many instruments and 
controls. 

The prototype (modified GAZ 153 
No. 18-40) underwent combined fac- 
tory and NII-VVS testing on 18 
February to 4 March 1942. Compared 
with the fighter, it was markedly easier 


to fly on either wheels or skis. Stabil- 
ity was improved, and the only short- 
comings were that neither intercom 
nor a clock were fitted, absence of a 
glazed partition between the cockpits 
resulted in a wind-tunnel effect with 
the front canopy open, and when flown 
with the rear cockpit empty braking 
had to be cautious. A total of 597 (510 
plus eighty-seven modified Yak-7B) 
were produced between May 1942 and 
December 1943. Data for wheeled 
undercarriage: 


Weight empty 2,210kg (4,872Ib); fuel 305kg 
(672Ib); maximum loaded weight 2,725kg 
(6,007.51b). 

Maximum speed 410km/h (255mph) at sea 
level, 472km/h (293mph) at 5,000m (16,404ft); 
climb to 5,000m, 6.6min; service ceiling 9,900m 
(32,480ft); range 615km (382 miles); takeoff run 
295m (968ft); landing speed 125km/h 
(77.7mph), landing run 360m (1,181 ft). 


Yak-7D The Dal'nii (long-range) 
version was built for photographic 
reconnaissance. It had a wing similar 
to that of the Yak-7M but with the 
spars and inner six ribs all made of 
D1, only the two outermost ribs 
remaining wood. This was the first 
time Yakovlev had made spars and ribs 
from light alloy. The bakelized-ply 
upper skin was attached by ply inserts 
and wide-head rivets. Between the 
spars were fitted nine fuel tanks, with 
two more in the leading edge, with a 
total capacity of 925 litres (203.5gal). 
The tanks were inserted from below, 
the covering panels being stress- 
bearing D1 held by Dzus fasteners. 
Refuelling through the wingtip fillers 
took at least an hour, with seven or 
eight stops to let the fuel settle into the 
inner tanks. 

Other features included a 65kg oil 
tank, oxygen for two hours and either 





The Yak-7V prototype ( Yak-7 No. 15-40) on skis. (OKB) 





Yak-7GK with Shcherbakov pressurized cockpit (08-05 modified). (RART) 


an observer or, with the seat removed, 
an AFA-B camera in the rear cockpit. 
Conversion from single-seat to two- 
seat took only a few minutes. Arma- 
ment comprised an MPSh-20 with 
60 rounds. Fedrovi tested the proto- 
type from 3 until 16 June 1942, when 
Yakovlev ordered it converted into the 
Yak-7DI. Data for camera installed, 
instead of a passenger (when weight 
was 3,135kg). 


Weight empty 2,262kg (4,9871b); fuel 690kg 
(1,5211b); maximum loaded weight 3,210kg 
(7,077Ib). 

Maximum speed 495km/h (307.5mph) at sea 
level, 565km/h (351mph) at 5,000m (16,404ft); 
climb to 5,000m, 7min; service ceiling 9,000m 
(29,528ft); range 1,660km (1,032 miles); takeoff 
run 495m (1,624ft); landing speed 145km/h 
(90mph), landing run 680m (2,231ft). 


Yak-7DI On 16 June 1942 Yakovlev 
ordered the Yak-7D converted into a 
long-range fighter. The fuselage was 
that of Yak-7B No. 23-26, but with 
the rear deck lowered (similar to the 
Yak-7PD) and a rear-view canopy 
fitted. The eleven fuel tanks were 
replaced by four D1 tanks, with self- 
sealing coatings, all interconnected 
and feeding through a 6-litre distribu- 
tion tank. Armament comprised one 
ShVAK with 120 rounds and the left 
UBS with 200. As an overload two 
bombs up to FAB-100 size could be 
carried, and the rear cockpit could 


accommodate a passenger, camera, 
bombs, tank or other equipment. The 
engine was replaced by an M-105PF, 
rated at 1,180hp. 

The Yak-7DI could be used as a 
long-range fighter or reconnaissance 
aircraft, with all 673 litres of fuel, or as 
a frontal fighter, with only the 430-litre 
inboard tanks filled. It was Factory 
tested between 26 June and 16 July 
1942, and subjected to NII-VVS test- 
ing (pilot: K A Gruzdev) from 18 July 
to 5 August. It was considered an 
excellent and versatile aircraft, and at 
the start of series production it was 
redesignated Yak-9. 





Weight empty 2,360kg (5,2031b); fuel 500kg 
(1,102Ib) or 320kg (705.51b); maximum loaded 
weight 3,035kg (6,6911b) [2,835kg, 6,2501b, with 
reduced fuel]. 

Maximum speed 505km/h (314mph) at sea 
level, 565km/h (351mph) at 3,800m (12,467ft) 
[570 at 3,900); climb to 5,000m, 6min [5.5]; ser- 
vice ceiling 10,000m (32,808ft) [10,400]; range 
1,310km (814 miles) [820]; takeoff run 350m 
(1,148ft) [300]; landing speed 143 km/h 
(89mph), landing run 580m (1,903ft). 


Yak-7GK Two Yak-7B fighters were 
experimentally fitted with pressure 
cabins. One (08-05) was rebuilt with a 
cabin of Shcherbakov type, with a 
characteristic diagonal-frame canopy. 
The other, with white-bordered insig- 
nia, had a cabin of different type. Both 
installations had heavy-gauge alu- 
minium cockpits and thick canopies 





with all joints sealed by rubber. Pres- 
surization was by an engine-driven 
compressor. 


Yak-7L One Yak-7 was fitted with a 
completely different wing of so-called 
laminar-flow profile. The point of 
maximum thickness was at almost 40 
percent chord, and the aerofoil profile 
was almost symmetrical except near 
the root where the sharp (small- 
radius) leading edge sloped down- 
wards. Unfortunately the date on the 
photograph of it is unreadable. 


Yak-7B improved Concerned at 
the urgent need for greater perfor- 
mance, to beat the latest German fight- 
ers, various attempts were made to 
improve surface finish and reduce 
drag. In early 1943 the OKB and LII- 
NKAP jointly evaluated aircraft 31-01 
with the antenna and mast inside 
the rear fuselage, the wings and tail 
polished back to 30 percent chord, 
improved exhaust ejectors (OKB 
eight, NII-VVS twelve) in fairings, a 
fully retractable tailwheel with doors, 
and with all external gaps sealed 
throughout the aircraft. This showed 
a remarkable gain in performance, but 
it was unattainable in production. 





Weight empty 2,528kg (5,5731b); fuel 305kg 
(672lb); maximum loaded weight 3,048kg 
(6,7201b). 
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Project for a Yak-7R powered by a rocket and two ramjets. (OKB) 








Maximum speed 547km/h (340mph) at sea 
level, 612km/h (380mph) at 4,000m (13,123ft); 
climb to 5,000m, 4.7min; service ceiling est 
10,000m (32,808ft); range est 1,100km (683.5 
miles); takeoff run est 350m (1,148ft); landing 
speed est 145km/h (90mph), landing run 540m 
(1,772ft). 


Yak-7P The Pushechnyi (cannon) 
version was based on Yak-7B No. 
46-13 from Novosibirsk, which at 
the instigation of P A Nevitskii, chief 
engineer of 1 VA (Ist Air Army), was 
fitted with three ShVAK, the synchro- 
nized pair replacing the two UBS. The 
engine was an M-105PE. It was flown 
on NII-VVS test between 4 November 
and 13 December 1943. Difficulties 
included imperfect synchronization 
(shells twice struck the propeller) and 
tail damage from spent cases and 
links. No performance measurements 
were taken. Yakovlev achieved a suc- 
cessful three-cannon armament with 
the Yak-9UT and Yak-3P. 


Yak-7B/two DM-4S This aircraft, 


with an M-105PF engine, was used 





to flight-test two of I A Merkulov’s 
DM-4S ramjets. These had a diameter 
of 500mm (19.7in), length of 2.3m 
(90.5in) and weight of 45kg (991b), and 
each burned about 12kg of fuel (from 
the normal aircraft tanks) per minute. 
Two had been fitted to the UTI-26-2 
in 1942, but had resulted in the cg 
being too far forward and had caused 
fuel leaks due to vibration. No effort 
could be spared to continue DM-4S 
flight testing until 1944, S N Anokhin 
making the first flight at LII-NKAP 
on 15 May. 

Despite their simplicity, and the 
possibility even of fitting them at 
front-line units, the ramjets were over- 
taken by turbojets. 





Weight empty 2,610kg (5,754Ib); fuel 305kg 
(6721b); maximum loaded weight 3,132kg 
(6,9051b). 

Maximum speed (ramjets off) 460km/h 
(286mph) at sea level, 546km/h (339mph) at 
6,000m, (ramjets operating) 500km/h (31 Imph) 
at sea level, 633km/h (393mph) at 7,300m 
(23,950ft); climb to 5,000m, est 7min; service 
ceiling est 9,750m (31,990ft); range est 600km 
(373 miles). 


mt 


The Yak-7PVRD (modified Yak-7B) with DM-4s ramjets. (OKB) 
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Yak-7R This project was for an inter- 
ceptor with no piston engine, takeoff 
being made on the 1,100-kg (2,425-Ib) 
thrust of a Dushkin/Shtokoloy D-1A 
rocket in the tail, burning nitric acid 
and kerosene. As speed built up, the 
two underwing DM-4S ramjets would 
come into action, burning petrol, their 
thrust rising with increasing speed. 
The cockpit was to be in the nose, 
together with two UBS with 200 
rounds each. The aircraft was not 
built. Estimated data: 





Length 9.325m (30ft 7sin). 

Weight empty 1,550kg (3,417Ib); fuel/propel- 
lants 1,200kg (2,6461b); maximum loaded weight 
2,910kg (6,4151b). 

Maximum speed at high altitude 800km/h 
(497mph); climb to 8,000m [not 5,000] in 70-80 
seconds. 








Yak-9 








The Yak-9 was the most important 
Soviet fighter of the Great Patriotic 
War. It was produced by Factory No. 
153 at a rate which reached twenty per 
day, and it was also made by GAZ No. 
166 at Omsk and No. 82 in Moscow. In 
mid-1944 it outnumbered the com- 
bined total of all other fighters in 
VVS service. In his book Horrido 
Gerhard Barkhorn (301 victories) 
wrote ‘I fought against all types of 
Soviet fighter, including those sup- 
plied under Lend-Lease, and the Yak- 
9 was the best’. The production totals 
are shown in the Table below. 


Yak-9/M-105PF This was the basic 


production version, a refined and pro- 
ductionized aircraft derived from the 








Yak-9D formation. (Tass) 


lightened version of the long-range 
Yak-7DI. The engine remained the 
M-105PE, rated at 1,180hp, driving a 
VISh-61P propeller, and armament 
remained one ShVAK with 120 rounds 
and the left UBS with 200. Differ- 
ences included deletion of the bomb 
racks and the two innermost tanks, 
and reduction in the size of the oil 
tank from 50kg to 26—30kg. Less-strict 
weight control in the production 
plants resulted in the series aircraft 
being heavier. 

This initial Yak-9 was made at 
Factory No. 153 (195 aircraft from 
October 1942 ending with 03-51 in 
February 1943) and at No. 166 
(Batches 1-6, 264 aircraft from 
January-August 1943); thus the total 
was 459. The Yak-9 was operational 
from late 1942 over Stalingrad. Dur- 
ing the Kursk fighting from June 1943 
a succession of wing-skin failures 
caused by poor quality control 
demanded remedial action in the field. 
This fault was eliminated in the Yak- 
9M. Data for aircraft 01-18. 

Dimensions as __ before, 
17.15sq m. 

Weight empty 2,277kg (5,020Ib); fuel 320kg 
(705lb); maximum loaded weight 2,873kg 
(6,3341b). 

Maximum speed 520km/h (323mph) at sea 
level, 599km/h (372mph) at 4,300m (14,108ft); 
climb to 5,000m, 5.lmin; service ceiling 
11,100m (36,417ft); range 875km (544 miles); 
takeoff run 305m (1,000ft); landing speed 
138km/h (86mph), landing run 450m (1,476ft). 


9.74m, 8.5m, 


Yak-9/M-106 Urgent need for even 
further improvement in flight perfor- 
mance resulted in the OKB refitting 
Yak-7 No. 23-91 with the M-106—Isk 
engine, which required few installa- 
tional changes and was rated at 
1,350hp. The aircraft was modified 
close to Yak-9 standard, with addi- 
tional changes including improved 
coolant and oil radiators, and a seal 
over the tailplane/elevator gap. Des- 
pite impressive OKB testing by 
Fedrovi from 17 November 1942 to 20 
January 1943, the immaturity of the 
engine resulted in its abandonment. 


Weight empty 2,380kg (5,247Ib); fuel 495kg 
(1,091Ib); maximum loaded weight 3,050kg 
(6,724lb). 

Maximum speed 531km/h (330mph) at sea 
level, 602km/h (374mph) at 3,250m (10,663ft); 
climb to 5,000m, 5.4min; service ceiling 
10,100m (33,136ft); range 850km (528 miles); 
takeoff run 360m (1,181ft); landing speed 
142km/h (88mph), landing run 530m 
(1,739ft). 


Yak-9T Also known as the Yak-9-37, 
this version was fitted with the 11P-37 
gun (very similar to the MPSh-37 
fitted to a Yak-7) which was put 
into production as the NS-37. With 
a length of 3.4m (134in), weight of 
150kg (331lb) and recoil force of 
5,500kg (12,125lb), this demanded 
careful installation and a high standard 
of details and pipe fittings in the 


Below: Yak-9 production details ; 



















GAZNo. 1942 1943 1944 1945 1946 1947 1948 total 
153 59 1,761 5,858 3,559 353 697 249 12,536 
166 732 1,600 ‘1,084 3,416 
82 373.444 817 
59 2,493 7,831 5,087 353 697 249 16,769 


This total includes 611 trainers, of which 456 were Yak-9V. 
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area surrounding it. It was fed by a 
30 (maximum 32) round magazine. 
Charging was pneumatic, and the 
EPS-1 trigger controlled the big gun 
and the single UBS (200, maximum 
240, rounds) by separate electro- 
pneumatic circuits. The 11P-37 was 
aimed either using the UBS with 
tracer, or a VV-1 ring/bead sight, or, 
against ground targets, marks painted 
on the leading edge showing constant 
dive angle and optimum range. All 
cases and links were collected. 

As in the Yak-7—37 the cockpit was 
moved 0.4m (15%in) to the rear, and 
the fuselage was strengthened. AGKO 
directive laid down that all Yak-9s were 
to have the 480kg fuel tankage, but this 
adversely affected the Yak-9T which 
accordingly was modified with a two- 
tank system. It underwent tests at 
the NIPAV State armament centre 
between 10 January and 12 February 
1943, and at NII-VVS (pilot, V I 
Khomyakoy) during 15 February to 4 
March. No fewer than 2,748 were 
delivered from Factory 153 between 
March 1943 and June 1945. Pilots 
aimed carefully, and never fired more 
than three rounds before again taking 
aim. The Yak-9T had a dramatic effect 
on Luftwaffe fighter tactics, and not 
only averaged one kill per thirty-one 
rounds fired but also proved effective 
against armour and ships. 





Length 8.66m (28ft 5in). 

Weight empty 2,298kg (5,066lb); fuel 330kg 
(727.5lb); maximum loaded weight 3,025kg 
(6,6691b). 

Maximum speed 533km/h (331lmph) at sea 
level, 597km/h (371mph) at 3,930m (12,894ft); 
climb to 5,000m, 5.5min; service ceiling 
10,000m (32,808ft); range 735km (457 miles); 
takeoff run 380m (1,247ft); landing speed 


144km/h = (89.5mph), landing run 550m 
(1,804 ft). 
Yak-9D In 1943 Soviet ground 


forces sometimes advanced beyond the 
range of their air cover thus increasing 
the need for longer-range fighters. 
The Yak-9D was provided with two 
inboard 208-litre tanks and two out- 
board 117-litre tanks, with complete 
pilot control of the system. The oil 
tank was enlarged to 48kg. Speed at 
low and at high altitudes (not medium 
altitudes such as 3,650m given in the 
data) was increased by improved 
surface finish and sealing gaps. 

The Yak-9D prototype under- 
went NII-VVS testing (pilot: V Ye 
Golofastov) between 14 January and 
26 February 1943. A total of 3,058 
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(Yefim Gordon Archive) 








Yak-9 (insets, top view of nose and sectioned side views of Yak-9B and Yak-9R). 











Yak-9Ds were delivered between 
March 1943 and June 1946. In late 
1944 a batch were supplied to Bul- 
garia, previously an ally of Germany. 
The only shortcomings of the Yak-9D 
(especially felt in bad weather) were 
lack ofa horizon and D/F receiver, and 
mismatch of the radio range (a mere 
60km) to that of the aircraft. 





Weight empty 2,350kg (5,1811b); fuel 480kg 
(1,058lb); maximum loaded weight 3,117kg 
(6,872Ib). 

Maximum speed 535km/h (332mph) at sea 
level, 591km/h (367mph) at 3,650m (11,975ft); 
climb to 5,000m, 6.1min; service ceiling 9,100m 
(29,856ft); range 1,360km (845 miles); takeoff 
run 370m (1,214ft); landing speed 141km/h 
(87.6mph), landing run 550m (1,804ft). 


Yak-9P A single example of this 
Pushechnyi (cannon) version was built 
by the OKB in March 1943. It was 
a standard Yak-9 in which the UBS 
gun was replaced by a synchronized 
ShVAK SP-20 with 175 rounds. There 
is no record of how the weight of 
this aircraft was actually reduced, 
compared with the standard fighter. 
A G Proshakov put it through NII- 
VVS testing on 17-28 April 1943. 
Production was not ordered. 





Weight empty 2,222kg (4,8991b); fuel 325kg 
(716.5lb); maximum loaded weight 2,820kg 
(6,217Ib). 

Maximum speed 505km/h (314mph) at sea 
level, 576km/h (358mph) at 3,950m (12,960ft); 
climb to 5,000m, 5.4min; service ceiling est 
11,000m (36,090ft); range est 730km (454 miles); 
takeoff run est 305m (1,000ft); landing speed 


137km/h (85mph), landing run est 450m 
(1,476ft). 


Yak-9PD This version, fitted with 
the M-105PD engine (see I-28), was 
urgently developed to counter flights 
over Moscow by Junkers Ju 86Rs. 
Armed solely with a ShVAK with 
120 rounds, five were built in April 
1943 and service-tested with No. 12 
Guards IAP between 16 April and 
25 June 1943. No interceptions were 
achieved. 

In July 1943 one of the five, 01-29, 
was fitted with an experimental PD 
engine with the second-stage super- 
charger ratio increased from 8.48 to 
9.72. The fuel tanks were pressur- 
ized by nitrogen and the self-sealing 


removed, larger radiators fitted, an 
extra 0.5m (19.7in) added to each 
wingtip, and many other modifica- 
tions made to reduce weight, but 
the pressure cabin specified was not 
ready for installation. Ceiling climbs 
were frustrated by engine problems 
(mainly overheating), and this air- 
craft was later re-engined with an 
M-106PV, an M-106 with the same 
Dollezhal E-100 supercharging sys- 
tem. On 16 October 1943 this reached 
13,100m. Data for 01-29: 





Span 10.74m (35ft 2%in); length 8.6m (28ft 
24in); wing area 17.8sq m (192sq ft). 

Weight empty 2,310kg (5,093Ib); fuel 320kg 
(705Ib); maximum loaded weight 2,845kg 
(6,272Ib). 

Maximum speed est 500km/h (311mph) at 
sea level, 615km/h (382mph) at 8,000m 
(26,247ft); climb to 5,000m, est 5.3min; service 
ceiling 13,100m (42,979ft); range est 575km 
(357 miles); takeoff run 375m (1,230ft); landing 
speed 130km/h (81mph), landing run 460m 
(1,509ft). 


In 1944 Yakovlev made a final at- 
tempt to achieve a_ high-altitude 
interceptor, fitting an M-106PV into 
a stripped-down aircraft based on the 
Yak-9U. Features included elimination 
of flaps and control-surface balance, 
reduced fuel and oil (30kg), addition of 
a water/methanol injection system, 
electric fuel booster pump, pressurized 
ignition, 2.8m VISh-105TL propeller 
with wide-chord blades, OP-554 radi- 
ator in a new duct, and a lightweight 
Sh-20M gun with 60 rounds. This 
aircraft, called Yak-9PD/M-106PV, 
was Factory-tested on 27-30 April 
1944. It was subsequently operational 
with No. 12 Guards IAP. Altogether 
GAZ No. 301 converted thirty Yak- 
9Us into Yak-9PD/M-106PVs. 





Yak-9D series. (Soviet State archive) 





Span 10.74m (35ft 2%in); length 8.6m (28ft 
24in); wing area 17.65sq m (190sq ft). 

Weight empty 2,098kg (4,6251b); fuel 240kg 
(5291b); maximum loaded weight 2,500kg 
(5,5111b). 

Maximum speed 503km/h (312.5mph) at sea 
level, 620km/h (385mph) at 10,500m (34,450ft); 
climb to 5,000m, 5.6min; service ceiling 
13,500m (44,291 ft); range est 550km (342 miles); 
takeoff run est 350m (1,148ft); landing speed 
125km/h (77.7mph), landing run est 400m 
(1,312ft). 


Yak-9R GAZ No. 166 delivered 
thirty-five examples of this photo- 
graphic-reconnaissance yersion in 
August-September 1943. There were 
two versions, one based on the Yak-9, 
with 446 litres (98gal) fuel and an 
AFA-IM camera, and the other based 
on the Yak-9D, with 650 litres (143gal) 
and an AFA-3S/50. In each case 
the camera was vertical, and a Bow- 
den cable controlled the camera door 
under the rear fuselage. All had the 
AGP-2 horizon and RPK-10 D/F, and 
some of the longer-range type had 
the UBS removed. Though a single- 
seater with no downwards view had 
limitations, the Yak-9R was useful 
in photographing heavily defended 
targets. 





Dimensions standard, 9.74/8.5/17.15. Data 
for short-range version: 

Weight empty 2,287kg (5,042Ib); fuel 324kg 
(7141b); maximum loaded weight 2,890kg 
(6,3711b). 

Maximum speed 520km/h (323mph) at 
sea level, 598km/h (371.5mph) at 4,250m 
(13,943ft); climb to 5,000m, 5.2min; service ceil- 
ing 10,750m (35,269ft); range 660km (410 
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Yak-9PD. (OKB) 


miles); takeoff run 370m (1,214ft); landing 
speed 140km/h (87mph), landing run 550m 
(1,804ft). 

Data for longer-range version, where differ- 
ent: 

Weight empty 2,348kg (5,1761b); fuel 480kg 
(1,058Ib); maximum loaded weight 3,082kg 
(6,794.51b). 

Climb to 5,000m, est 6min; service ceiling est 
9,600m (31,500ft); range 1,400km (870 miles); 
takeoff run est 385m (1,263ft); landing speed est 
141km/h (87.6mph), landing run 550m 
(1,804ft). 


Yak-9TK This was a special version 
with the engine installation (oil tank, 
piping, instrument panel and equip- 
ment) specially arranged so that in 
front-line service it could be fitted 
with a ShVAK 20mm, VYa 23mm, 
NS-37 or NS-45. Firing trials even 
with the high-power 23mm _ gun 


This aircraft, code no. 40, was a local conversion to Yak-9V standard. (Yefim Gordon Archive) 


Yak-9 79 





ie 


posed no problem. With the 37mm 
gun at speeds under 350km/h there 
was a strong pitch-up. The 45mm 
weapon had a large muzzle brake, 
increasing aircraft length beyond 
that of the projecting barrel, yet it 
was impossible to aim accurately 
except when firing single shots, each 
sighted individually, at airspeeds close 
to the maximum. This universal 
mount design was put to use later, with 
more powerful engines and refined 
guns. 





Length (max) 8.87m (29ft 14in). 

Weight empty (NS-45) 2,348kg (5,1761b); fuel 
322kg (7101b); maximum loaded weight 3,246kg 
(7,156lb). 

Maximum speed 518km/h (322mph) at sea 
level, 573km/h (356mph) at 3,900m (12,795ft); 
climb to 5,000m, 5.7min; service ceiling est 
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Yak-9U. (Yefim Gordon Archive) 











9,700m (31,824ft); takeoff run 380m (1,247ft); 
landing speed 142km/h (88mph), landing run 
500m (1,640ft). 


Yak-9K The Yak-9K (Krupnokal- 
ibernyi) was a version specifically fitted 
with an NS-45 gun, with 29 rounds, 
and one UBS with 200. Features 
included case/link collection, PBP-1A 
reflector sight, individual electropneu- 
matic control of either or both guns, a 
45mm rounds counter, the four-tank 
fuel system, and a manual radiator 
flap and tailwheel lock. The first 9K 
was NII-VVS tested by Golofastov 


between 12 January and 8 April 1944. 
In April-July a batch of fifty-three 
were delivered for operational testing. 
During these tests eight Focke-Wulf 
Fw 190s and four Messerschmitt Bf 
109Gs were destroyed at an average 
of ten rounds per kill, for the loss 
of one Yak-9K. Imperfect gun relia- 
bility militated against full-scale 
production. 





Length 8.87m (29ft 1 in). 

Weight empty 2,291kg (5,0511b); fuel 475kg 
(1,047Ib); maximum loaded weight 3,028kg 
(6,675.51b). 


Performance as Yak-9TK except climb to 
5,000m, 6.5min; range 598km (372 miles); take- 
off run 345m (1,132ft); landing (same speed); 
landing run 455m (1,493ft). 


Yak-9B Known to the Yakovlev OKB 
as the Yak-9L, the prototype of this 
fighter-bomber was modified Yak-9D 
No. 14-20. The only change was to 
equip the space behind the seat with 
either four tubes for FAB-100 bombs, 
carried nose-up at an angle of 75deg, 
or four containers each for thirty- 
two PTAB-2.5-1.5 (1.5kg) bomblets. 
Normal load was the front two bombs 
or containers only. Bombs were loaded 
by putting the tailwheel on a trestle, 
removing the detachable rear canopy 
fairing and attaching a portable winch. 
Only very experienced pilots were per- 
mitted to carry the maximum load. 

The prototype was converted by 20 
March 1944, but service trials did not 
begin until 18 December 1944. Even- 
tually production was limited to 109 
aircraft, partly because of lack of accu- 
rate sighting (though in a 45deg dive 
an error within 50m was usual) and 
because of tricky handling with maxi- 
mum load and full tanks. 





Weight empty 2,382kg (5,2511b); fuel 484ke 
(1,0671b); loaded weight (no bombs) 3,156kg 
(6,9581b), (200kg) 3,356kg (7,3991b), (400kg) 
3,556kg (7,8401b). 

Maximum speed 510/507/503km/h (min 
312.5mph) at sea level, 564/562/558km/h 
(min 347mph) at 3,750m (12,300ft); climb 
to 5,000m, 6/6.5/7.5min; service ceiling 
9,700/8,600/7,500m (min 24,600ft); range 
910/860/800km (min 497 miles); takeoff run 
385/440/500m (max 1,640ft); landing speed 











Section through Yak-9PD project with experimental prototype VK109 engine. (OKB) 








144km/h 
(1,903ft). 


(89.5mph), landing run 580m 


Yak-9DD This extended-long-range 
version was virtually a Yak-9T (with 
aft cockpit) with standard ShVAK/ 
UBS armament and a redesigned 
wing. This had unchanged external 
shape, but metal spars, strengthened 
ribs, large underside inspection panels 
and six fuel fillers in the upper surface. 
Almost the entire inter-spar space 
from the centreline to the tip on each 
side was filled by a 45-litre underfloor 
tank, a 210-litre inner tank, a 120-litre 
intermediate tank and a 50-litre out- 
board tank. Though self-sealing, the 
large area of tanks made the aircraft 
more vulnerable. The oil tank was 
enlarged to 70 litres. 

Equipment included the Amer- 
ican SCR-247N radio (BTs-459A and 
475 transmitters and BTs-454A 
and 455A receivers) giving reliable 
reception up to 300km and two- 
way communication to 150km. Other 
equipment included an uprated gen- 
erator and battery, AG-2 horizon, 
RPK-10M D/F receiver and 8-litre 
oxygen bottle. 

The first Yak-9DD was flown by 
P M Stefanovskii and Yu A Antipov 
on NII-VVS test on 24 July-2 August 
1944. A total of 299 series aircraft 
were delivered. They saw much com- 
bat, and despite many problems and 
reduced manoeuvrability achieved 
impressive results. In August 1944 
twelve flew 1,300km (808 miles) from 
Bel’tsy to Bari (Italy), where they flew 
155 missions, often using small bases 
in mountains with high crosswind, 
without a single malfunction. Yakovlev 
claim that in mock dogfights the 
Yak-9DDs (not with full tanks!) bested 
every Allied fighter in the theatre. 





Weight empty 2,346kg (5,172Ib); fuel 630kg 
(1,3891b); maximum loaded weight 3,387kg 
(7,4671b). 

Maximum speed 522km/h (324mph) at sea 
level, 584km/h (363mph) at 3,900m (12,795ft); 
climb to 5,000m, 6.8min; service ceiling 9,400m 
(30,840ft); range 2,285km (1,420 miles); takeoff 
run 400m (1,312ft); landing speed 143km/h 
(89mph), landing run 500m (1,640ft). 


Yak-9M The Modifitsirovannyi 
(modified) fighter was a ‘universal’ 
aircraft combining the tankage and 
guns of the Yak-9D with the aft cock- 
pit of the Yak-9T, to standardize 
production. At the same time it 
sought to overcome a terrible problem 


caused by wartime substitute additives 
in the cellulose nitrate dope. From 
May 1943 there were hundreds of 
cases of fabric and even ply skin crack- 
ing and coming off Yak-9 wings, until 
pilots were (said Stalin) ‘afraid of fly- 
ing’. The plant making the dope 
changed the formula, and the Yak-9M 
incorporated thicker bakelized-ply 
wing skins with better bonding. Other 
improvements included emergency 
canopy jettison, ART-41 control of 
engine coolant temperature, air inlet 
filters, shorter radio antennas and 
improved pneumatic (non-electric) 
cannon loading. 

Factory No. 153 built all aircraft to 
this standard from No. 25-01 (May 
1944), though NII-VVS test was not 
made until 17-27 December 1944. 
From October 1944 the engine was 
the 1,240hp VK-105PF2, previously 
reserved for the Yak-3 only. Total pro- 
duction was 4,239. Every tenth aircraft 
was a Yak-9M/PVO, with fuel reduced 
to 580 litres (127.6gal), oil from 45 to 
30kg and 16kg less armour, but fitted 
with FS-155 searchlight, VR-2 VSI, 
D/F, multichannel RSI-4M_ radio, 
SCh-3 IFF and other extras. 





Weight empty 2,428kg (5,353lb) [PVO 
2,360kg]; fuel 480kg (1,058Ib) [PVO 420kg]; 
maximum loaded weight 3,095kg (6,823lIb) 
[PVO 3,116kg]. 

Maximum speed 518km/h (322mph) at sea 
level, 573km/h (356mph) at 3,750m (12,300ft); 
climb to 5,000m, 6.1min; service ceiling 9,500m 
(31,168ft); range 950km (590 miles) [PVO est 
750km); takeoff run 420m (1,378ft); landing 
speed est 141km/h (88mph), landing run 550m 
(1,804ft). 


Yak-9 Kur’yerskii The Yak-9 
Courier was a long-range liaison air- 
craft for use in dangerous front- 
line areas, produced by fitting the 
Yak-9DD fuel system (slightly modi- 
fied, with nine tanks totalling 846 
litres, 186gal) and 7Olitre oil tank into 
the unarmed Yak-9V trainer, with the 
PF2 engine (see next). RSI-4 radio 
was fitted between the cockpits, partly 
in the space left by removing the 
rear-cockpit instruments. The rear 
cockpit was panelled in fabric and 
contained a continuous floor and map 
case. Both cockpits had urinals and 
jettisonable canopies. The aft shift of 
centre of gravity to 26.4 percent 
enabled the brakes to be applied more 
firmly on landing (an endemic problem 
with Yak fighters). A single example 
was built at Novosibirsk in July 1944, 
painted OKB white/red. It was not 
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submitted to NII-VVS test. 





Weight empty 2,260kg (4,982Ib); fuel 630kg 
(1,3891b); maximum loaded weight 3,100kg 
(6,8341b). 

Maximum speed 511km/h (317.5mph) at sea 
level, 564km/h (350mph) at 3,800m (12,467ft); 
climb to 5,000m, 5.7min; service ceiling est 
9,500m (31,168ft); range 1,800km (1,118 miles); 
takeoff run est 375m (1,230ft); landing speed 
est 140km/h (87mph), landing run 440m 
(1,443ft). 


Yak-9V This dual-control conver- 
sion trainer was based on the Yak-9M, 
with the aft-mounted front cockpit but 
a completely new rear cockpit with a 
new type of canopy. The instructor in 
the rear cockpit could control emer- 
gency undercarriage extension, and 
could disconnect the pupil’s wheel- 
brake control. The engine was the 
new VK-105PF2, rated at 1,240hp and 
cleared to 1,100mm boost in low 
gear, driving a 3m VISh-105SV-01 
propeller with improved blade shanks. 
The oil tank capacity was reduced 
from 60 to 51 litres, and armament 
comprised the ShVAK with 90 rounds. 
The trigger previously used for a UBS 
activated a PAU-22 camera in the star- 
board leading edge. Other equipment 
included proper electrical intercom 
and a station box for an RSI-6MU 
two-way radio. 

V G Ivanoy put the first Yak-9V 
through NII-VVS test on 10-17 April 
1944. Series production did not begin 
until August 1945, but between then 
and August 1947 a total of 793 Yak-9V 
were built, 456 new and 337 converted 
Yak-9Ms. Handling resembled that of 
other versions, despite the rearwards 
shift of centre of gravity from 21.85 
percent chord (Yak-9T) to 26.5 per- 
cent. 





Weight empty 2,344kg (5,168Ib); fuel 470kg 
(1,036lb); maximum loaded weight 3,107kg 
(6,8501b). 

Maximum speed 506km/h (314mph) at sea 
level, 564km/h (350mph) at 3,600m (11,811 ft); 
climb to 5,000m, 5.8min; service ceiling 9,900m 
(32,480ft); range 1,380km (857.5 miles, high fig- 
ure not explained); takeoff run 390m (1,280ft); 
landing speed 140km/h (87mph), landing run 
560m (1,837ft). 


Yak-98S This was the arbitrary OKB 
designation for a Yak-9M fitted with 
the VK-105PF2 engine driving the 
VISh-105SV-01 propeller. The arma- 
ment comprised three guns of com- 
pletely new types: one NS-23 with 
60 rounds and two synchronized 
B-20S cannon with 120 rounds each. 
The OKB produced two prototypes 
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Though called a Yak-9PD, this high-altitude prototype was based on the Yak-9U. Features included 


extended-span wings, an M-106PV engine and retractable tailwheel. (Yefim Gordon Archive) 


in May 1945. V G Ivanov and A A 
Manucharoy were the pilots on 
NII-VVS test between 28 August and 
14 September 1945. The armament 
worked well, and was considered ideal 
for fighters with the PF2 engine. By 
this time Yakovlev had produced 
the Yak-3 and the VK-107A-engined 
Yak-9U, and the Yak-9S was accord- 
ingly never built in series. 





Weight empty 2,347kg (5,174Ib); fuel 472kg 
(1,041Ib); maximum loaded weight 3,130kg 
(6,900Ib). 

Maximum speed 513km/h (319mph) at sea 
level, 583km/h (362mph) at 3,950m (12,959ft); 
climb to 5,000m, 6.4min; service ceiling 9,750m 
(31,988ft); range 930km (578 miles); takeoff run 
est 385m (1,263ft); landing speed est 142km/h 
(88mph), landing run est 540m (1,772ft). 


Yak-9U After long development 
the Yak-9U (Uluchshennyi, improved) 
became the ultimate basic type of 
Yak-9 to be powered by the VK- 
105PF2 engine and VISh-105SV-01 
propeller. Externally the 9U differed 
from the 9T in having the oil cooler 
removed from under the engine. 
Following CAHI recommendation, it 
was replaced by two 9-in (called thus) 
drum coolers under the cockpit floor. 
Each wing-root inlet was bifurcated, 
one duct feeding the supercharger and 
the other the oil radiator on that 
side. Hot air from the oil coolers was 
expelled through two ejectors under 
the belly, with controllable flaps. The 
main radiator was also of a new type, 
in a duct with ART-41 thermostat 
control moved back under the trailing 
edge. Thus, apart from the under- 
carriage doors, the Yak-9U was diffi- 
cult to distinguish from the Yak-3. 
Fuel capacity was reduced to 445 


litres (98gal), and the self-sealing coat 
was graded to Imm thickness above 
each tank, 7mm _ underneath and 
13.7mm over the small distribution 
tank. Oil capacity was reduced from 40 
to 25kg. The engine exhaust system 
was of the modified type, used on some 
previous aircraft, with six equal ejec- 
tors. Fabric covering on the rear fuse- 
lage was replaced by 2mm ply. The 
aileron mass balances were removed 
and the gaps sealed with fabric. The 
cockpit layout was again improved, 
tailwheel lock mounted on the control 
column and radio button on the throt- 
tle, and oxygen capacity was 4 litres. 
Armament comprised a VYa-23 with 
60 rounds and two synchronized UBS 
each with 170. Provision was made for 
replacing the 23mm gun by a ShVAK, 
a B-20 or (with left UBS only) an 
NS-37. 

The Yak-9U prototype was Factory- 
tested in December 1943 and NII- 
VVS_ tested (pilot Khomyakov) 
from 2-25 January 1944. Perform- 
ance and handling were outstanding, 
the few criticisms being concerned 
with aerodynamic refinement, further 
weight reduction and fitting an opti- 
cally flat windscreen. Production was 
not ordered, because of the weight and 
low rate of fire of the VYa, and the exis- 
tence of the more powerful VK-107A 
engine. Dimensions as standard. 





Weight empty 2,244kg (4,947Ib); fuel 320kg 
(705lb); maximum loaded weight 2,900kg 
(6,3931b). 

Maximum speed 558km/h (347mph) at sea 
level, 620km/h (385mph) at 3,850m (12,630ft); 
climb to 5,000m, 4.8min; service ceiling 
10,400m (34,120ft); range 850km (528 miles); 
takeoff run 320m (1,050ft); landing speed 
135km/h (84mph), landing run 575m (1,886ft). 





Yak-9U/VK-107A Despite inten- 
sive effort by Vladimir Klimov’s 
engine bureau, the VK-107A took sev- 
eral years to bring to an acceptable 
level of reliability. It was basically a 
VK-105 with the original valve 
arrangement (two inlet, one exhaust) 
replaced by one large inlet, two 
exhaust and one scavenge, driven by 
three cams. This, combined with a 
general strengthening throughout the 
engine, enabled maximum speed to be 
increased to 3,200 rpm. Rated power 
rose to 1,400hp in 1942, and in Janu- 
ary 1943 the first production batch of 
ten engines (then called M-107A) was 
cleared to a 50-hour overhaul period at 
1,500hp, the power actually achieved 
on test being 1,650hp. 

The first Yak-9 with an M-107A 
was tested in February 1943, but a 
flight on 25 February by NII-VVS 
pilot Stefanovskii ended in a crash 
caused by engine failure. This delayed 
introduction of the engine by over a 
year. Meanwhile the Yakovley OKB 
introduced the improvements of the 
Yak-9U, and in late 1943 prepared a 
further prototype based on this air- 
craft, fitted with the more power- 
ful engine. Features included revised 
engine mounts, increased-area OP-554 
main and OP-555 oil radiators, slightly 
increased fuel capacity of 493 litres 
(108.5gal), oil increased from 26 to 
35kg, and a new exhaust system in 
which each bank of cylinders dis- 
charged into an inner collector from 
which six pipes led to the ejectors. The 
inner collectors were inside ducts fed 
with cold air from a new ram inlet 
above the cowling, which also supplied 
air to cool the valve rockers, spark 
plugs and the uprated (GS-15-500 
instead of GS-10-350) DC generator. 

To improve ground clearance angle 
and cg position the wing was moved 
100mm (4in) forward, and to reduce 
stick forces the elevator area was 
reduced from 1.15 to 1.13sqm. Arma- 
ment comprised a ShVAK with 120 
rounds (replacing the VYa of the 9U 
prototype) and two UBS with 170 
rounds each. The radio used a single 
wire antenna with no mast. 

The Yak-9U/VK-107A prototype 
underwent OKB flight testing be- 
tween 28 December 1943 and 12 Jan- 
uary 1944, and A G Proshakov put it 
through NII-VVS testing between 18 
January and 20 April 1944. At last here 
was a fighter able to fly the proverbial 
rings round its Luftwaffe opponents, 


though the series aircraft had slightly 
lower performance. 





Dimensions standard except length 8.6m 
(28ft 2%in). 

Weight empty 2,477kg (5,4611b); fuel 355kg 
(783lb); maximum loaded weight 3,150kg 
(6,9441b). 

Maximum speed 600km/h (373mph) at sea 
level, 700km/h (435mph) at 5,500m (18,045ft); 
climb to 5,000m, 4.lmin; service ceiling est 
11,300m (37,075ft); range 884km (549 miles); 
takeoff run 380m (1,247ft); landing speed 
140km/h (87mph), landing run 535m 
(1,755ft). 


While slightly heavier, the series 
aircraft produced from December 
1944 were further improved. The 
Type 728 coolant radiator, installed in 
a redesigned duct, and Type 726 oil 
coolers fed from modified inlet ducts, 
so improved cooling that it was possi- 
ble to make a full-throttle climb from 
takeoff to ceiling without overheating. 
Further improvements were made to 
the wing root fairing, surface finish 
and thickness of ply skin (increased 
locally from 2 to 3mm) and to the 
undercarriage uplocks. Fuel capacity 
was again increased, to 525 litres 
(115.5gal). 

Series output of the Yak-9U/VK- 
107A began in April 1944. In August 
1945 the factories, whilst drastically 
reducing output (to termination, 
in the case of Factories 82 and 166), 
switched to an all-metal version. Total 
output of the mixed-construction 
version was 3,921. 

Dimensions as before except length 8.55m 
(28ft O%in). 
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Yak-9UT, aircraft 40-022, with NS-37. (Yefim Gordon Archive) 


Weight empty 2,512kg (5,538lb); fuel 380kg 
(838lb); maximum loaded weight 3,204kg 
(7,0631b). 

Maximum speed 575km/h (357mph) at sea 
level, 672km/h (418mph) at 5,000m; climb to 
5,000m, 5min; service ceiling 10,650m 
(34,940ft); range 675km (419 miles) [it is not 
explained why with additional fuel the range, 
demanded by GKO directive to be 1,400km, fell 
to this value]; takeoff run 375m (1,230ft); land- 
ing speed 141km/h (87.6mph), landing run 
530m (1,739ft). 


Yak-9UT This aircraft was a 
Yak-9U/VK-107A (No. 39-083), 
completed in February 1945 with the 
normal armament replaced by an N-37 
with 30 rounds and two synchronized 
B-20S with 120 rounds each. The 
N-37 was Nyukhtikov’s new light- 
weight 37mm gun, and its projecting 


barrel was fitted with a muzzle brake. 
It could be replaced by a B-20M, 
NS-23 or (with the left B-20S only) 
N-45. In the latter case weight of fire 
was 9kg (20lb)/sec, compared with 
6kg for the normal UT combination 


and 2.72kg/sec for the series 
Yak-9U/VK-107A. 

This aircraft was flown by 
Manucharov on NII-VVS. testing 


between 8-29 March 1945. Produc- 
tion was ordered, but the 282 series 
aircraft were fitted with an NS-23 and 
two B-20S, in this case giving a weight 
of fire of about 4.23kg/sec. In the final 
week of the war a Yak-9UT regiment 
destroyed twenty-seven F'w 190s and a 
Bf 109 for the loss of two aircraft. Data 
for prototype with N-37: 
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Length 8.81m (28ft 10%in). 

Weight empty 2,487kg (5,4831b); fuel 380kg 
(8381b); maximum loaded weight 3,260kg 
(7,187Ib). 

Maximum speed 578km/h (359mph) at 
sea level, 671km/h (417mph) at 4,900m 
(16,075ft); climb to 5,000m, 5.2min; service 
ceiling 10,700m (35,105ft); range 690km (429 
miles); takeoff run est 385m (1,263ft); landing 
speed est 142km/h (88mph), landing run 550m 
(1,804ft). 


Yak-9UV This UV (improved 
trainer) version combined the basic 
airframe of the Yak-9U/VK-107A 
with a refined version of the cockpits 
of the Yak-9V, the armament compris- 
ing an engine-mounted B-20M with 
100 rounds. Though the latest oil and 
coolant radiators were fitted, the fre- 
quent takeoffs resulted in the engine 
being limited to 2,800 rpm, and the 
main radiator flap being opened fur- 
ther from 300 to 375mm. The proto- 
type was built at plant No. 82 in June 
1945. NII-VVS testing took place 
between 10 July and 12 October 1945, 
but with the prospect of jet fighters 
no production was ordered. 





Weight empty 2,505kg (5,522Ib); fuel 346kg 
(763lb); maximum loaded weight 3,128kg 
(6,8961b). 

Maximum speed 564km/h (350mph) at sea 
level, 623km/h (387mph) at 4,100m (13,450ft); 
climb to 5,000m, 5.5min; service ceiling est 
11,300m (37,075ft); range 650km (404 miles); 
takeoff run 390m (1,280ft); landing speed 
142km/h (88mph), landing run 560m (1,837ft). 


Yak-9P/VK-107A The P designa- 
tion was reused by the OKB for a pro- 
totype with an all-metal wing. With 
the war over there was no shortage of 
light alloys, and redesign in D1 and 
other alloys enabled fuel space to be 
greatly increased, surface dimensional 
accuracy and finish to be improved, 
structure life to be increased (not 
important in wartime) and resistance 
to impact damage, humidity and high 
temperature to be greatly enhanced. 
Metal spars had been introduced with 
the Yak-7DI and later the Yak-1M. 
On 17 June 1946 the Council of 
Ministers called for an all-metal 
Yak-9, eradicating all shortcomings of 
the mixed construction. As a first step, 
Yakovlev (back at his OKB in Moscow) 
modified Omsk-built aircraft 01-03 
and 01-04 with all-metal wings. The 
tips were elliptical, the ailerons had 
metal skin and increased aerodynamic 
balance but no fabric gap-seals, and the 
flaps were fitted with positive locks. 
The two aircraft were flown by Yu A 


Antipov and V I Ivanov on NII-VVS 
test on 28 June to 23 July 1946. Air- 
craft 01-04 was modified with extra 
instruments, 350kg fuel and the regu- 
lar ShVAK/UBS replaced by provi- 
sion for various alternatives including 
guns up to 57mm. This aircraft was 
finally presented on 23 March 1947 
with provision for various central guns 
plus two B-20S. 

Later in 1946 Factory 153 pro- 
duced twenty-nine metal-wing Yak-9P 
(01-01 to —29) and ten all-metal air- 
craft (01-30 to 39, see next). Numer- 
ous defects were observed, and much 
time was spent on modifications and 
fitting different equipment. One air- 
craft was fitted with a VISh-107R 
reverse-pitch propeller which reduced 
the landing run to 225m (738ft) with 
no risk of nosing over. Data for 01-03 
with original tankage and armament of 
one B-20M and one UBS: 





Weight empty 2,693kg (5,937Ib); fuel 317kg 
(6991b); maximum loaded weight 3,227kg 
(7,1141b). 

Maximum speed 569km/h (353.5mph) at sea 
level, 672km/h (418mph) at 5,700m (18,700ft); 
climb to 5,000m, 4.8min; service ceiling 
11,000m (36,090ft); range 950km (590 miles); 
takeoff run 375m (1,230ft); landing speed 
141km/h (87.6mph), landing run 530m 
(1,739ft). 


In 1946-47 considerable funda- 
mental research and development was 
applied to producing the requested 
all-metal fighter, based on the Yak-9P. 
In late 1946 Factory No. 153 at Novo- 
sibirsk produced ten development 
aircraft (01-30 to 01-39). Apart from 
having a structure skinned almost 
completely in D1 duralumin, the all- 
metal aircraft had two additional wing 
tanks increasing capacity to 682litres 
(150gal). Equipment included the 
RPKO-10M D/F, SCh-3 IFF, FS-155 
landing light, PAU-22 gun camera, 
ultraviolet panel lights and provision 
for an electrically driven horizon. 
Armament comprised two B-20S and 
any of four types of large gun. To 
improve engine life and reliability 
maximum speed was limited to 3,000 
rpm. 

The all-metal Yak-9P was placed 
in series production at Factory No. 


Factory No. 1944 1945 

292 (Saratov) 1,682 1,918 

31 (Tbilisi) 498 462 
2,180 2,380 


153. Aircraft 03-92 was subjected to 
NII-VVS testing, the assigned pilot 
being L M Kuvshinov (but it was 
flown by many others), between 12 
October and 9 December 1947. Total 
production was 772, terminated by 
an MAP (previously NKAP) decree 
of 25 March 1948. These were the 
last Yak piston-engined fighters in 
production. They were exported to 
Albania, China, Hungary, Poland and 
Yugoslavia, many (some converted 
as trainers or refitted with the 
VK-105PF2) remaining operational 
into the late 1950s. The ASCC alotted 
the reporting name ‘Fang’ to all 
versions. 





Weight empty 2,708kg (5,9701b); fuel 51l6kg 
(1,1381b); maximum loaded weight 3,550kg 
(7,826lb). 

Maximum speed 590km/h (367mph) “at sea 
level, 660km/h (410mph) at 5,000m; climb to 
5,000m, 5.8min; service ceiling est 10,500m 
(34,450ft); range 1,130km (702 miles); takeoff 
run 540m (1,772ft); landing speed 146km/h 
(91mph), landing run 582m (1,909ft). 
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The Yak-3 — a designation previously 
used for the I-30 — was Yakovlev’s last 
piston-engined fighter. Of all the fight- 
ers that were important in the 1939-45 
period, it was the lightest and most 
agile. Compared with typical Western 
fighters of the late-war era, its loaded 
weight was less than half as great. 
Derived from the previous Yak fight- 
ers, it incorporated features later used 
in the development of the Yak-9. The 
later Yak-9s, with the VK-107A 
engine, had slightly higher perfor- 
mance, but the Yak-3 was probably the 
better fighter in 1944-45 because it 
had a reliable engine. 

Though there were basically two 
main series types, the ‘frontal’ and the 
high-altitude, there were in fact eigh- 
teen variants. These featured four 
types of airframe, eight engines and six 
armaments. Total production is shown 
in the Table below. 


1946 wartime overall 
240 3,177 3,840 
48 934 1,008 
288 4,111 4,848 

















Yak-3. (Yefim Gordon Archive) 





Yak-1M The Yak-3 was developed 
from from the experimental YAK-1M 
prototype previously mentioned, with 
a standard VK-105PF2 engine driving 
a VISh-61P propeller. The fuselage 
was a series Yak-1, with lowered rear 
deck and rear-view canopy, the only 
significant change being to modify the 
oil cooler installation, with an inlet 
immediately behind the spinner. The 
wing, however, was based on that of the 
Yak-9, with the spars and Nos. | and 7 
ribs made of D1 light alloy. Span and 
area were reduced, and the wing was 
made in left/right halves to facilitate 
field replacement. 

The ailerons were made in one 
piece, without mass balance, the outer 
hinges being flexibly mounted. The 
split flaps had hinged locks instead of 
a hooked pulley. The main undercar- 
riage legs were made 100mm (4in) 
longer, with 180mm (5.9in) greater 
stroke, faired by two doors, as on the 
Yak-1, and the ball downlock was 
moved from the breaker strut to the 
jack. The tailwheel retracted with twin 
doors, and when the control column 
was pushed forward it was unlocked to 
castor freely. The tail was a slightly 
smaller version of that of the Yak-1 
Lightened. The fuel system com- 
prised two 170-litre (37.4gal) wing 
tanks and an unprotected central dis- 
tributor tank. The main radiator was of 
the improved OP-492 type, sub- 
merged in the fuselage in a diffuser 
duct. The engine ejector exhausts had 
upper and lower fairings. Behind the 
seat was a platform for the battery and 


provision for RSI-4 radio with a sin- 
gle-wire antenna without mast. Arma- 
ment remained one ShVAK and one 
UBS. 

Fedrovi put the Yak-1M prototype 
through OKB flight test between 
28 February and 7 June 1943. 
A G Proshakov did NII-VVS testing 
from 7 June to 4 July 1943, with 
further testing on 21—22 July with 
boost pressure raised from 1,050 to 
1,100mm. Performance and handling 
were outstanding, but oil cooling and 
ignition screening were inadequate, 
and oil sprayed on the windscreen 
from the reduction-gear breather. 


Span 9.2m (30ft 24in); length 8.5m (27ft 
10%in); wing area 14.85sq m (160sq ft). 

Weight empty 2,133kg (4,702Ib); fuel 270kg 
(595lb); maximum loaded weight 2,655kg 
(5,8531b). 

Maximum speed 545km/h (339mph) at sea 
level, 632km/h (393mph) at 4,450m (14,600ft); 
climb to 5,000m, 4.1min; service ceiling 
10,700m (35,105ft); range 585km (363.5 miles); 


takeoff run 290m (951ft); landing speed 
144km/h = (89.5mph), landing run 485m 
(1,591 ft). 


Yak-1M Dubler The Dubler (sec- 
ond prototype) differed externally in 
that the oil was cooled by two OP-555 
radiators under the cockpit floor, fed 
by wing-root inlets. The rear fuselage 
was entirely skinned in 2mm ply, the 
main-leg diameter was reduced and its 
door retention improved, the elevator 
mass balance removed from the lead- 
ing edge and provided by a levered 
weight in the fuselage, pilot protection 
was improved, the wing tanks enlarged 
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to 179 litres (39.4gal) each and the dis- 
tribution tank reduced to 14 litres and 
fully protected, all tanks were inerted 
by cooled exhaust gas, and sealed pan- 
els were added to separate the tanks 
from the cockpit. The exhaust ejectors 
were again modified with six separate 
(not equal length) stubs, the propeller 
was the VISh-105SV-01, with a lighter 
spinner and without Hucks starter 
dogs, the ring/bead sight was replaced 
by a PBP-la reflector, screening was 
improved and the radio given twin 
wire antennas, a rear-view mirror 
added and instrumentation improved. 
Armament comprised a Sh-20M with 
110 rounds and two UBS with 150 
rounds each. 

This aircraft was tested by Fedrovi 
between 20-30 September 1943, and 
by Proshakoy on NII-VVS_ test 
between 6—15 October. It was regarded 
as the best Soviet fighter, and immedi- 
ate production was authorized with 
the designation Yak-3. 





Weight empty 2,105kg (4,641Ib); fuel 275kg 
(606lb); maximum loaded weight 2,660kg 
(5,8641b). 

Maximum speed 570km/h (354mph) at sea 
level, 651km/h (404mph) at 4,300m (14,108ft); 
climb to 5,000m, 4.lmin; service ceiling 
10,800m (35,433ft); range 815km (506 miles); 
takeoff run 275m (902ft); landing speed 
144km/h = (89.5mph), landing run 485m 
(1,591 ft). 


Yak-3 Compared with the Yak-1M 
Dubler the initial series Yak-3 differed 
in having a strengthened wing and 
wheel well for diving at 700km/h indi- 
cated, stronger undercarriage radius 
rods, further improvements to the 
main radiator and piping, fuel gauges 
moved further outboard for better vis- 
ibility, spinner improved, windscreen 
revised and the main and oil radiator 
exit flaps modified to open wider. 
Inevitably, poorer quality control in 
the series aircraft combined with these 
changes to increase weight and reduce 
performance. All Yak-3s had a radio 
receiver, but only the odd numbers had 
a transmitter. Batches 1-13 (197 air- 
craft) were armed with one ShVAK 
and one UBS; all the rest (4,004) had 
two UBS. From Batch 16 fuel capacity 
was reduced to 350-360 litres 
(77-79gal) and oil dilution for winter 
starting fitted. The first series aircraft 
was flown at Saratov on 8 March 1944. 
The Yak-3 did brilliantly in combat, 
marred by frequent failures of the 
upper wing skin. By November 1944 
there had been 114 such failures, and 
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by 1945 over 800 aircraft had beer 
withdrawn, some being fitted with 
metal skin-tacks and bolts, which 
reduced performance. The two facto- 
ries produced 4,797 Yak-3s (all ver- 
sions) with the VK-105PF2 engine. 





Weight empty 2,123kg (4,6801b); fuel 270kg 
(595lb); maximum loaded weight 2,692kg 
(5,9351b). 

Maximum speed 567km/h (352mph) at sea 
level, 646km/h (401mph) at 4,100m (13,451 ft); 
climb to 5,000m, 4.5min; service ceiling 
10,400m (34,121 ft); range 648km (403 miles); 
takeoff run 280m (919ft); landing speed 
137km/h (85mph), landing run 455m (1,493ft). 


Yak-3/VK-107A Two prototypes 
were built with the VK-107A engine, 
rated at 1,500hp, driving a 3.1m 
(122in) VISh-107LO propeller. Mod- 
ifications included a revised engine 
installation (among other things, with 
the inner exhaust manifold cooled by 
ram air from an inlet above the cowl- 
ing), four wing tanks increasing fuel 
capacity to 518 litres (114gal), oil tank 
enlarged to 60 litres, supercharger 
inlet moved forward, cockpit moved 
400mm (15%in) to the rear, generator 
uprated to GS-15—500, radio served 
by a single-wire antenna, and arma- 
ment changed to two synchronized 
B-20S each with 120 rounds (no cen- 
treline gun). 

Though the first aircraft was com- 
pleted on 6 January 1944 it was not 
OKB flight tested by Fedrovi until 15 
April to 20 November 1944. Thus it 
was overtaken by the Dubler, which 
was completed on 22 January 1944, 
OKB tested on 25-29 January and 
NII-VVS tested on 7 February to 
15 May 1944. Both suffered from 
endemic unreliability of the engine 
and other defects. The longer takeoff 





Se Ie. 


Yak-1M outside Yakovlev prototype factory, GAZ No. 115. (OKB) 


was caused by a reduction in propeller 
speed from 1,800 to 1,600 rpm, while 
the landing distance was increased by 
the higher speed and severe restriction 
on safe braking. 





Dimensions as standard Yak-3. 

Weight empty 2,346kg (5,172Ib); fuel 390kg 
(8601b); maximum loaded weight 2,984kg 
(6,578. 51b). 

Maximum speed 611km/h (380mph) at sea 
level, 720km/h (447mph) at 5,750m (18,865ft); 
climb to 5,000m, 3.9min; service ceiling 
11,800m (38,714 ft); range 1,060km (659 miles); 
takeoff run 345m (1,132ft); landing speed 
150km/h (93mph), landing run 590m (1,936ft). 


Yak-3PV Yak-3 No. 44-19 was mod- 
ified at Saratov with a VK-105PV 
engine, a special version fitted with the 
Dollezhal E-100 two-stage super- 


charger, with water/methanol cooling 
injection, driving a VISh-105TL-2 
propeller. It also had the extended 
wing and armament of the Yak-3PD 
(see next). It was Factory-tested 


between 29 September and 7 October 
1944, the pilot being Rastorguyey, later 
flights having the standard SV-01 pro- 
peller. Later, in June-July 1945, this 
aircraft was tested at LII-NKAP. 





Dimensions as Yak-3PD, 

Weight empty 2,233kg (4,9231b); fuel 270kg 
(595lb); maximum loaded weight 2,678kg 
(5,9041b). 

Maximum speed at sea level not recorded, 
710km/h (44Imph) at 11,000m (36,090ft); 
service ceiling 13,300m (43,635ft); no other 
data. 


Yak-3PD This high-altitude version 
was fitted with the VK-105PD engine, 
with the E-100 two-stage supercharger. 
The prototype was modified from 
series aircraft 36-20. The engine was 
fitted with water/methanol cooling 
injection, drove a 3m VISh-105L-2 
propeller with polished blades, and its 
supercharger inlet was on the centre- 
line under the leading edge. The wing 
was modified to have span greater 
than the Yak-9 but with area remain- 
ing less, and the armament comprised 
one NS-23 with 60 rounds. 

With a CV-02 propeller, M I Ivanov 
began factory test at Moscow Central 
on 5 February 1945, continuing from 
18 February with the L-2 propeller. 
Fuel pressure fell to zero at 9,000m, 
and after repairs at LII-NKAP this 
aircraft was tested between 20 
February and 5 May at LII-NKAP 
and NII-VVS. On 14 May it was 
abandoned because of persistent 
engine difficulties. 





Span 9.8m (32ft lin); wing area 15.35sq m 
(165sq ft). 

Weight empty 2,171kg (4,786lb); fuel 270kg 
(595Ib); maximum loaded weight 2,616kg 
(5,767Ib). 





Maximum speed 503km/h (312.5mph) at sea 
level, 692km/h (430mph) at 10,800m (35,433ft); 
climb to 5,000m, 5.7min; service ceiling 
13,000m (42,650ft); range 700km (435 miles); 
takeoff run est 295m (968ft); landing speed est 
137km/h (85mph), landing run 485m (1,591 ft). 


Yak-3/VK-108 The first Yak-3 to be 
powered by the VK-108 engine was 
originally powered by a VK-107A (it 
cannot have been the first or the Dubler 
prototypes). This engine was a further 
development, cleared to increased rpm 
and boost and rated at 1,550hp, with 
1,800 available for takeoff. The super- 
charger was fed by a centreline inlet 
under the leading edge, the propeller 
was a VISh-107LT-5, the main and 
oil radiators were the OP-624 and 
OP-622 of increased area, fuel was 
reduced and oil capacity increased (to 
50kg), the ailerons were skinned in D1 
and armament comprised a single 
NS-23 with 60 rounds. 

This aircraft was built in August- 
October 1944, but OKB flight testing 
(pilot, Rastorguyev) was delayed until 
19 December 1944 to 8 March 1945, 
with gun removed and only 300kg fuel. 
A second aircraft was converted in 
August-November 1945, armed with 
two B-20S. The VK-108 naturally 
conferred outstanding performance, 
and the aircraft took off in a three- 
point attitude in a very short distance, 
but with jet fighters imminent there 
was little point in series production. 





Weight empty 2,319kg (5,112Ib); fuel 350kg 
[as flown, 300]; maximum loaded weight 2,896kg 
(6,3841b) [as flown, 2,830kg]. 

Maximum speed at sea level not recorded, 
745km/h (463mph) at 6,290m (20,636ft); climb 
to 5,000m, 3.5min; service ceiling 10,400m 
(34,121 ft); range not recorded; takeoff run 250m 
(820ft); landing speed 145km/h (90mph), land- 
ing run est 560m (1,837ft). 


Yak-3RD This aircraft was series No. 
18-20 fitted at the OKB with an RD-1 
rocket engine installation. Developed 
by V P Glushko, the RD-1 was a pilot- 
controllable single-chamber engine 
with a sea-level thrust rating of 300kg 
(661lb). Thrust of a rocket rises with 
altitude, but the RD-1 did not give its 
brochure thrust, and only reached 
300kg at 6,500m altitude. It was fed by 
50kg of kerosene and 200kg of concen- 
trated nitric acid, both tanks being in 
the wings and with all the controls 
under the cockpit. Ignition was elec- 
tric, and the VK-105PF-2 engine 
drove the rocket-engine pumps. The 
tail was redesigned, the thrust cham- 
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Yak-3 with CAHI (TsAGI) flame-damped ejector exhaust. (OKB) 


ber being in an extended all-metal tail- 
cone, though most photographs show 
the aircraft without the RD-1 and with 
a pointed tailcone. The rudder was 
increased in chord to compensate for 
loss of the lower portion, and the ele- 
vators were cut off at the root and 
skinned in D1. The petrol and oil tank- 
age was reduced to 260 and 12 litres, 
respectively. The cooolant and oil radi- 
ators were combined in the same duct, 
and the supercharger was fed from a 
single inlet in the port wing root. 
Armament comprised an NS-23 with 
60 rounds. 

OKB flight development was 
entrusted to Rastorguyev, between 22 
December 1944 and 15 May 1945. The 
rocket engine fitted was No. 009, and 
when its ignition proved unreliable it 
was replaced by an engine with hyper- 
golic (chemical) ignition, RD-1KhZ 
No. 018. There were several rocket 
malfunctions, and on 14 May 1945 
there was an explosion during a 
ground start. Following repairs and 
modifications, flying resumed on 14 
August 1945. On the following day a 
kerosene pipe fractured, and a day later 
(16 August), after the rocket had been 
shut down, the aircraft gradually dived 
ever more steeply and struck the 
ground at an angle of about 50deg, 
Rastorguyev being killed. The cause 
was never established. 





Dimensions standard, length shown on draw- 
ing as 8.5m despite extended tailcone. 

Weight empty 2,382kg (5,2511b); fuel (total) 
450kg (992Ib); maximum loaded weight 2,980kg 
(6,5701b). 


Maximum speed (no rocket) 626km/h 


(389mph) at sea level, 600km/h (373mph) at 
7,800m, (rocket firing) 732km/h (455mph) at sea 
level, 782km/h (486mph) at 7,800m (25,590ft); 
no other recorded data. 


Yak-3T This anti-tank aircraft was a 
series aircraft (Saratov 36-20) modified 
by Yakovlev with a lightweight N-37 
with 25 rounds and two synchronized 
B-20S with 100 rounds each. The 
N-37 had the barrel shortened by 
150mm (5.9in), but the muzzle brake 
still projected beyond the spinner 
of the modified (VISh-105L-28) 
propeller. Among other changes, fuel 
capacity was reduced from 372 to 
355 litres (78gal) and the inerting 
system removed, the cockpit was 
moved 400mm (15.7in) to the rear, 
armour was removed, the radiator 
was the large OP-622 (OP-554u) and 
the compressed-air bottles were moved 
from the tail to the nose. 

Modification began on 10 Decem- 
ber 1944 and Rastorguyev made the 
first flight on 24 January 1945. L M 
Kuyshinov was pilot on the NII-VVS 
evaluation between 17 February and 
27 April 1945. Despite rectification of 
faults, cooling difficulties persisted, 
and planned series production was 
cancelled. Note: OKB records give 
construction number 36-20 as the 
basis for both this aircraft and the 
Yak-3PD, though it cannot have been 
in two places at once. 





Dimensions recorded as standard, but length 
must have been increased beyond 8.5m. 

Weight empty 2,130kg (4,696lb); fuel 266kg 
(586lb); maximum loaded weight 2,756kg 
(6,0761b). 
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The Yak-3RD, also called Yak-3RD-1X3. (OKB) 


Maximum speed 560km/h (348mph) at sea 
level, 629km/h (391mph) at 4,100m (13,450ft); 
climb to 5,000m, 4.7min; service ceiling 
10,400m (34,121ft); range 595km (370 miles); 
takeoff run est 305m (1,000ft); landing speed 
140km/h (87mph), landing run est 560m 
(1,837ft). 


Yak-3P This Pushechnyi (cannon) 
version was a modified series aircraft 
with the VK-105PF2 engine. The 
main modification was to change the 
armament to three of the new light- 
weight B-20 cannon, a B-20M with 120 
rounds firing through the propeller 
hub and two synchronized B-20S each 
with 130 rounds. The guns were 
fired electro-pneumatically, and the 
combined installation was 11kg lighter 
than the original (one ShVAK and 
two UBS). The wing ribs were rein- 
forced between the spars, locks 
fitted on the main-leg outer panels 
(which gave endless trouble on Yak-3s 
by being both sucked out and blown by 
air pressure to stand proud of the wing 
undersurface), improved fuel gauges 
fitted, the venturi moved from the 
radiator duct to the wing root fairing 
and the RSI-4A radio replaced by an 
RSI-6M. 

The prototype was flown by V G 
Ivanoy on NII-VVS test between 23 
March and 9 April 1945. Despite the 
locks, the undercarriage doors still 
protruded, reducing speed by an esti- 
mated 4km/h. The armament worked 
well, and production was authorized at 
Saratov and Tbilisi. The Yak-9P began 
to come off the assembly lines in April 


1945, and from 1 August all standard 


series PF2-engined aircraft were of 


this type. When production ceased in 
mid-1946 the total was 596. 





Weight empty 2,150kg (4,740Ib); fuel 558kg 
(1,2301b); maximum loaded weight 2,708kg 
(5,9701b). 

Maximum speed 572km/h (355mph) at sea 
level, 646km/h (401 mph) at 3,900m (12,795ft); 
climb to 5,000m, 4.8min; service ceiling 
10,050m (32,972ft); range 610km (379 miles); 
takeoff run 295m (968ft); landing speed 
139km/h (86mph), landing run 550m (1,804ft). 








Yak-3 all-metal With the end of the 
war in sight, the VVS began writing 
more severe operational requirements. 
Yakovlev selected Tbilisi-built 70-03 


(VK-107A engine), built in March 
1945, and on 10 April ended a major 
rebuild. This gave it a wing of all-D1 
construction, though with fuel 
reduced to 420 litres (92gal). Other 
changes included fitting an engine 
with improved two-stage supercharger 
and booster oil pump, skinning the 
rear fuselage and control surfaces with 
magnesium alloy, moving the cockpit 
400mm to the rear, replacing the steel 
control rods and flap cylinders by 
Dural, fitting an OP-622 main radia- 
tor, reducing oil capacity from 40 to 
32kg and fitting an OP-700 oil cooler, 
and mounting the elevators on ball- 
bearing hinges. Armament remained 
one B-20M and one B-20S. 





A Yak-3PD, one of several. (Yefim Gordon Archive) 








Yak-3/M-82. (Yefim Gordon Archive) 











The modified aircraft was Factory 
tested by A I Ivanov between 12 April 
and 10 May 1945, and NII-VVS tested 
by Yu A Antipov between 25 May and 
9 June. Though many defects were 
recorded, Tbilisi produced forty all- 
metalaircraft in 1945 and eight in 1946, 
later undertaking a rectification pro- 
gramme. Subsequently the VK-107A 
engine was reserved for the Yak-9U. 


Se, 
oe: 





Weight empty 2,342kg (5,163Ib); fuel 320kg 
(705.5lb); maximum loaded weight 2,935kg 
(6,4701b). 

Maximum speed 604km/h (375mph) at sea 
level, 706km/h (439mph) at 5,900m (19,357ft); 
climb to 5,000m, 4.25min; service ceiling 
11,050m (36,253ft); range 777km (483 miles); 
takeoff run est 350m (1,148ft); landing speed 
144km/h (89.5mph), landing run est 440m 
(1,444ft). 





te tS 


Yak-3/M-82 ( Yak-3U/ASh-82) with metal-skinned rear fuselage. (Yefim Gordon Archive) 
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Yak-3U This prototype differed from 
all other versions in being powered by 
an ASh-82FN fourteen-cylinder, air- 
cooled radial engine, driving a 3.1m 
(122in) VISh-105V4 propeller. The 
engine was rated at 1,630hp, with 
1,850hp available for takeoff. The 
exhaust pipes discharged in a vertical 
stack of seven on each side of the fuse- 
lage behind the cooling exit door. The 
wing was extended in span by adding 
a section on the centreline, and it was 
moved 219mm (8%in) forward. The 
fuel tanks were of soft fabric instead of 
metal, the rear fuselage was ply- 
skinned, and the ailerons, fin and 
tailplane were all-D1, as were the 
flying-control rods. All control joints 
and surface hinges were fitted with 
ball bearings. To improve view the 
cockpit was raised 84mm (3%in). Extra 
retention latches were fitted to the 
undercarriage and flaps. Equipment 
was generally similar to PF2-engined 
series aircraft, though armament was 
changed to two B-20S with 120 rounds 
each. 

The Yak-3U began on the Novosi- 
birsk production line but was com- 
pleted at the OKB plant (No. 115) in 
Moscow, making its first flight on 12 
May 1945. On 15 June it was returned 
to Factory 115 to be fitted with an all- 
metal wing. Other modifications 
included lengthening the main under- 
carriage legs to increase ground angle, 
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Yak-3U/ASh-82 with fabric-covered rear fuselage. (RART) 


and reducing gaps in the cowling. This 
reduced loaded weight to 2,740kg 
(6,040.5Ib), but the data are for the 
mixed-construction wing. The engine 
installation was excellent, and the air- 
craft was wholly successful, but there 
was no need for it. It provided the basis 
for the Yak-11. 





Span 9.4m (30ft 10in); length 8.17m (26ft 
94in);, wing area 17.15sq m (185sq ft). 

Weight empty 2,273kg (5,0111b); fuel 340kg 
(749.5lb); maximum loaded weight 2,792kg 
(6,1551b). 

Maximum speed est 620km/h (385mph) at 
sea level, 705km/h (438mph) at 6,100m 
(20,000ft); climb to 5,000m, 3.9min; service ceil- 
ing est 11,250m (36,910ft); range 778km (483.5 
miles); takeoff run 470m (1,542ft); landing speed 
135km/h (84mph), landing run 430m (1,410ft). 


Yak-3 metal wing Three of the 
first aircraft powered by the VK-107A 
engine (01-01, 03-01 and 04-01) were 
modified at Saratov in March 1946 
with wings and fixed tail surfaces made 
almost entirely of D1. The fuselage 
truss was strengthened, the main 
undercarriage anchors and locks again 
improved, the Yak-9U exhaust system 
fitted, RSI-6 radio installed with 
mast/wire antenna, and the pitot rein- 
forced. The windscreen was made 
optically flat, incorporating the venti- 
lator, and on 01 and 03 it was bullet- 
proof. The radiator was the OP-554u, 
in a strengthened duct, and the oil 
coolers the OP-700. Armament com- 
prised (on 01-01) two B-20S each 
with 120 rounds, and (on 03 and 04) 
a B-20M and two B-208S all with 100 
rounds. 

Aircraft 01 and 04 were Factory- 
tested in March 1946, and all three 
were presented for NII-VVS testing 
on 4 April. They failed, numerous 


Yak-3UA cockpit. (OKB) 








defects being found, but the director of 
the Tbilisi plant was instructed to rec- 
tify these defects in the Saratov aircraft 
and ‘to produce in 1946 seventy-five 
Yak-3s with VK-107A engine and 
metal wings, the parts already being 
available’. This order must have been 
cancelled. It is not explained why the 
metal-wing aircraft was of interest 
more than a year after the Yakovlev 
OKB had produced all-metal Yak-3s. 





Weight empty 2,411kg (5,3151b); fuel 352kg 
(776lb); maximum loaded weight 3,059kg 
(6,7441b). 

Maximum speed 602km/h (374mph) at sea 
level, 697km/h (433mph) at 5,950m (19,521 ft); 
climb to 5,000m, 4.2min; service ceiling 
10,880m (35,695ft); range 704km (437.5 miles); 
takeoff run 375m (1,230ft); landing speed 
150km/h (93mph), landing run 610m (2,000ft). 








Yak-3 UA. (Viktor Drushlyakov) 


Yak-3UA In 1991 Yakovlev Aircraft 
Corporation completed a contract 
with the Gunnell Museum in Santa 
Monica, California, under the terms of 
which twenty replica Yak-3 fighters 
with airframes cleared to the original 
limits, would be supplied for private 
customers in the USA and elsewhere. 
Price, depending on customer avion- 
ics, was in the region of $500,000. 
Yakovlev assigned Sergei A Yakovlev as 
project manager, V M Nazarov as chief 
engineer and A S Vyatkin and Yu I 
Mitikoy as test pilots. 

The aircraft were built using partly 
original and partly new drawings, 
some of the new drawings being 
required by the modified all-metal 
airframe and others by the totally dif- 
ferent engine installation. The engine 
is a reconditioned Allison V-1710 des- 
ignated Allison 2L, rated at 1,240hp 
and driving a Hamilton Standard 
propeller. External differences com- 
pared with the wartime fighter include 
the carburettor inlet well back on top 
of the cowling and the thin frame- 
less windscreen. Fuel capacity is 320 
litres (70.4gal). Armament is not fit- 
ted, but civil avionics are to customer 
order. 

These aircraft were assembled at the 
Strela plant at Orenburg in 1993-95. 
The first of the batch (c/n 07040101) 
was painted (like most) in wartime 
Soviet frontal livery and was displayed 
at the 1993 Paris airshow. These air- 
craft are flown under the FAA Exper- 
imental category. Data differences 
from Yak-3/VK-105PF2: 














Length 8.49m (27ft 10/in). 

Weight empty 2,210kg (4,8721b); maximum 
loaded weight 2,697kg (5,945Ib). 

Maximum speed 570km/h (354mph) at sea 
level, 648km/h (402mph) at 4,500m (14,750ft). 
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Yak-5 





In 1944 the Yakovlev OKB produced 
this single-seat trainer for fighter 
pilots. It was based on the UT-2L, but 
with the front cockpit removed and a 
new retractable undercarriage fitted. 
The engine was again a 115hp M-11D 
in a helmeted cowling, but unlike all 
previous Yak light aircraft it drove a 
VISh-237 v-p (variable-pitch) two- 
blade propeller. The neat main under- 
carriage had single oleo shock struts, 
retracted backwards by cables driven 
by a windlass in the cockpit, part of the 
500 by 125mm tyres projecting to 
reduce damage in wheels-up landings. 
The 200 by 80mm tailwheel was not 
retractable. 

The cockpit had a sliding hood and 
was intended to replicate a fighter. In 
addition to the v-p propeller and 
retractable mainwheels, the Yak-5 had 
manually-operated split flaps, night- 
flying equipment, two-way radio and a 
D/F receiver, and provision was made 
for a synchronized ShKAS with 300 
rounds, aimed by a PBP-1 reflector 
sight. 











UT-2L; lower side view, Yak-5. (Yefim Gordon Archive) 
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UT-2L. (RART) 


The Yak-5 was first flown on 7 
September 1944. Rastorguyev and 
other pilots enthused over its han- 
dling, and it later successfully passed 
NU-VVS_ evaluation. Nevertheless, 
production was not ordered, because it 
was felt that a wooden aircraft was 
becoming an anachronism. Sadly, the 
Yak-5 suffered wing failure during a 
flick roll and crashed. It assisted devel- 
opment of the Yak-11 and Yak-18. 





Span 10.5m (34ft 5%in); length 7.3m (23ft 
11 in); wing area 17sq m (183sq ft). 

Weight empty 770kg (1,698lb); fuel 62kg 
(136.7Ib); oil 8kg (17.6lb); maximum loaded 
weight 940kg (2,072Ib). 

Maximum speed 250km/h (155mph); no data 
on climb or ceiling; range 450km (280 miles); 
takeoff run 180m (590.5ft); landing speed 
85km/h (53mph), landing run 200m (656ft). 








Yak-5. (Yefim Gordon Archive) 











Yak-6, NBB 








In the second half of 1941, despite 
the difficult conditions imposed by 
the evacuation to Novosibirsk, A S 
Yakovlev himself led the design of 
this twin-engined, multi-role, utility 
aircraft, making minimal demands 
on materials, constructor or user. He 
decided to build the prototype as a 
front-line NBB (Nochnoi Blizhnii 
Bombardirovshchik), night short-range 
bomber, other duties including front- 
line passenger/cargo transport and 
casualty evacuation. 

The airframe was of almost en- 


tirely wooden construction. The low- 
mounted cantilever wing was of Clark 
YH profile, with a thickness/chord 
ratio over the inner portions of 16.8 
percent. It was made in three parts, 
the horizontal centre section having 
slight taper on the trailing edge only 
and the two outer panels having 
approximately equal taper and 6deg 
dihedral. In typical Yakovlev style 
there were two box spars and numer- 
ous lattice/ply ribs. The centre section 
was ply skinned except behind the rear 
spar on the upper surface. The outer 
panels were ply skinned back to the 
front spar only, the remainder being 
fabric. The slotted ailerons were made 
of D1 with fabric covering on inner 
and outer sections, driven together by 
rods, bellcranks and levers pivoted to 
the top of the spar. Right across the 
centre section was a split flap, operated 
by a handwheel in the cockpit via rods 
and links. 

Back to the trailing edge of the wing 
the fuselage was based on a wooden 
box with four strong longerons and ten 
frames, on which were laid ten light 
stringers to support ply skin. On the 
front was attached a monocoque nose 
moulded from shpon (glued layers of 
birch veneer). On the back was bolted 
a rear fuselage with the frames sup- 
porting twenty-two straight stringers, 
the whole being covered in fabric. The 
tail was mainly wood, with fabric 
covering aft of each front spar. Each 
control surface had a hinged trimmer, 
and the prototype had a screwjack- 
operated variable-incidence tailplane. 

















The engine nacelles were of steel 
tube on which were attached un- 
stressed D1 panels, which were 
extended ahead of the steel firewall to 
enclose the engine except for the cy- 
linder heads. Yakovlev had requested 
190hp M-12 engines, but these were 
not cleared for flight and so he had to 
fall back on the 140hp M-11F, driving 
2.2m (86.6in) fixed-pitch wooden pro- 
pellers. The installation was similar to 
that of the UT-2, with the same 
exhaust ducting from the two lower 
cylinders to provide carburettor heat- 
ing. Each nacelle housed a cylindrical 
oil tank, and each centre wing housed 





Yak-6 NBB (the walkway was actually above the port wing root). (Yefim Gordon Archive) 











a 195-litre (42.9gal) fuel tank of un- 
protected D1. 

Each main undercarriage com- 
prised a single oleo leg with pin- 
jointed lateral bracing struts, joined to 
the inner end of the steel axle carrying 
the pneumatically braked wheel with a 
600 by 180mm tyre. Each unit was 
retracted backwards by a crank arm 
pulled by cables from a pilot-operated 
windlass. Later most series aircraft had 
doors which permitted part of the tyre 
to protrude, some had doors enclosing 
the gear completely and some had 
non-retractable undercarriages. The 
tailwheel, with a 255 by 110 tyre, was 
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Yak-6 utility transport. (Petrov collection via RART) 
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not retractable but fully sprung and 
free to castor. 

The prototype was completed as an 
NBB. The cockpit was provided for 
side-by-side dual controls, though the 
spectacles-type yoke was not actually 
installed on the right. The cabin had a 
door on the left, reached via a fixed 
step and a reinforced walkway across 
the wing root, with a handrail along 
the side of the fuselage. The normal 
crew comprised a pilot and naviga- 
tor/gunner. In the roof was a hatch, 
with two doors hinged inwards, with 
a pintle mount for a hand-aimed 
ShKAS with 500 rounds. Normal 
bombload comprised five FAB-100 or 
two FAB-250 hung externally under 
the centre section. 

For night operations there was an 
electrical system with a 12A-30 battery 
charged by a windmill generator on 
the right side of the fuselage. This 
served navigation lights and a landing 
light under the nose. Also under the 
nose was the pitot head and the loop 
antenna of a D/F receiver, and RSI- 
3/-4 radio was sometimes fitted, with 
a mast and wire. 

The prototype was first flown in 
summer 1942 and passed NII-VVS 
testing in September of that year. The 
following are the only available data: 





Span 14m (45ft 11%in); length 10.35m (33ft 
114in); wing area 29.6sq m (319 sq ft). 

Weight empty 1,368kg (3,016lb); fuel 278kg 
(6131b); oil 24kg (531b); maximum loaded weight 
2,350kg (5,1811b). 

Maximum speed 183km/h (114mph); takeoff 
run 285m (935ft); landing speed 93km/h 
(58mph), landing run 265m (869ft). 


In 1942-43 GAZ No. 47 Leningrad 
built 249 NBB, No. 464 at Dolgo- 
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prudnyi built fifty and No. 471 at 
Shumerlya added eighty-two, a total of 
381. Most were NBB, in many cases 
with racks for ten RS-82 rockets. Dur- 
ing the war they served in many front- 
line roles, examples having been seen 
on skis (but not on floats), and fitted 
with a glider tow hook, stretcher 
(litter) racks, seats for four passengers, 
cameras for reconnaissance or map- 
ping and a psy-war loudspeaker. 

The Yak-6 was a popular aircraft, 
simple enough to survive in the front 
line. It was dubbed the Derevyannyi 
Duglas (wooden Douglas), because it 








Yak-6 modified. (Yefim Gordon Archive) 
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Yak-6 NBB with full military equipment and bombload. (Petrov collection via RART) 





resembled a small wooden version of 
the Li-2 (Soviet derivative of the 
DC-3). 


Dimensions unchanged. 

Weight empty 1,415kg (3,119.51b); fuel 280kg 
(617lb); oil 24kg as before; maximum loaded 
weight 2,300kg (5,07 1b). 

Maximum speed 187km/h (116mph); climb 
to 1,000m, 5.4min; service ceiling 3,380m 
(11,090ft); range 900km (559 miles); takeoff run 
280m (918.6ft); landing speed 93km/h as before, 
landing run 220m (722ft). 

One Yak-6 was modified by CAHI 
to improve its aerodynamics, mak- 
ing it almost look like a miniature 























DC-3. The outer wings were totally 
redesigned, with 8deg 30' dihedral and 
all the taper on the leading edge. Other 
features included 145hp M-11FM 
engines in helmeted cowlings driving 
VISh-327 variable-pitch propellers, a 
fin and rudder of increased height, 
retractable main undercarriage with 
projecting tyres and a modified under- 
nose pitot head. A recent book autho- 
rized by Yakovlev OKB gives data for 
this modified aircraft: 


Dimensions not stated. 

Loaded weight 2,500kg (5,5111b). 

Maximum speed 230km/h (143mph); range 
1,040km (646 miles); takeoff run 255m (837ft); 
landing run 115m (377ft). 








Yak-8 








Starting with the modified Yak-6, this 
enlarged transport was designed by a 
small team led by Oleg K Antonov, 
who both before and after the war had 
been a designer in his own right. The 
extra power of two 145hp M-11FM 
engines, driving VISh-327 propellers, 
enabled the fuselage to be made larger, 
to enable the main cabin to seat six 
passengers. The nose and rear fuse- 
lage were little altered, and the width 
of the central portion remained 1.24m 
(49in), but its length was increased 
by Im (39.4in) and the depth from 1.5 
to 1.76m (69.3in). This gave much 
better headroom, and access was 
simplified by fitting a large door on 
the left behind the wing. The cabin 





yet 


Yak-6 modified. (Yefim Gordon Archive) 


Yak-8. (RART) 


had four windows on each side. It was 
strengthened with box frames 80mm 
(3.15in) deep, with 2mm ply skin 
throughout. The tail was enlarged, 
with straighter edges. 

The prototype was painted in VVS 
markings and began Factory testing in 
early 1944. It subsequently passed 
NII-VVS evaluation, with a recom- 
mendation for production, but like the 
Yak-5 it was eventually decided that 
future aircraft should be all-metal. 
The ASCC allocated the name 
‘Crib’, 





Span 14.8m (48ft 6%in); length 11.35m (37ft 
2kin); wing area 30sq m (323sq ft). 

Weight empty 1,750kg (3,858lb); fuel 270kg 
(5951b); oil 30kg (661b); maximum loaded weight 
2,700kg (5,9521b). 


Maximum speed 248km/h (154mph); climb 
to 1,000m, 6.4min; service ceiling 3,900m 
(12,795ft); range 890km (553 miles); takeoff run 
380m _ (1,247ft); landing speed 100km/h 
(62mph), landing run 260m (853ft). 





Yak-12/Yak-14 





In 1944 Yakovlev OKB designed two 
light aircraft as nearly as possible iden- 
tical in order to compare the Yak-12, 
with a low-mounted wing, with the 
high-wing Yak-14. Eventually both 
designations were changed, the low- 
wing aircraft becoming the Yak-13 
and the high-wing machine the 
Yak-10. Their original designations 
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were then confusingly used again 
for later designs. 








Yak-10 





Originally designated Yak-14, this was 
a traditional, high-wing, cabin four- 
seater, resembling a modernised 
AIR-6. Powered by a 145hp M-11FM 
engine, the prototype had a braced 
wing with two wooden spars, ply ribs 
and ply/fabric covering. The fuselage 
was based on a truss of welded steel 
tube, with fabric covering except over 
the nose, door and baggage hatch 
which were D1. The tail and ailerons 
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Yak-10. (OKB) 


were D1/fabric. The non-retractable 
undercarriage was sprung by rubber, 
the braked 500 by 150mm main wheels 
having spats and the 200 by 80mm 
tailwheel being castoring. 

Chief engineer on the programme 
was G I Gudimenko. The military pro- 
totype was flown by programme pilot 
F L Abramov in January 1945, and 
showed unsatisfactory handling. After 
repeated (mostly minor) modifica- 
tions, and the change in designation to 
Yak-10, it passed State testing in June 
1945. 





Span 12.0m (39ft 4%in); length 8.45m (27ft 
8%in); wing area 22.0sq m (237sq ft). 

Weight empty 792kg (1,746lb); fuel 94kg 
(207Ib); oil 14kg (311b); normal loaded weight 
1,150kg (2,5351b), maximum loaded weight 
1,230kg (2,712Ib). 

Performance at 1,150kg: maximum speed 
200km/h (124mph); climb to 1,000m, 5.5min; 
service ceiling 3,400m (11,155ft); range 576km 
(358 miles); takeoff run 260m (8 53ft); landing 
speed 79km/h (49mph), landing run 280m 
(919ft). 

Performance at 1,230kg: maximum speed 
196km/h (122mph); takeoff run 340m (1,115ft); 
landing speed 84km/h (52mph), landing run 
300m (984ft). 


Despite the fact that it was not all- 
metal it was accepted for production, 
and a factory at Dolgoprudnyi outside 
Moscow produced forty in 1946. 
These were fitted with the 160hp 
M-11FR engine and were built in two 
versions: 


Yak-10V (Vyvoznoi, carrier) dual- 


control four-seater. 





Yak-10S (Sanitarnyi) with seats for a 
pilot and medical attendant, and a long 
hatch on the left for loading a 
stretcher. 





Dimensions unchanged. 

Weight empty 820kg (1,808Ib); fuel/oil as 
before; normal loaded weight 1,170kg (2,5791b); 
maximum loaded weight 1,250kg (2,756lb). 

Performance at 1,170kg: maximum speed 
206km/h (128mph); climb to 1,000m, 5.5min; 
service ceiling 3,500m (11,483ft); range 605km 


(376 miles); takeoff run 228m (748ft); landing 
speed 73km/h (45mph), landing run 193m 
(633ft); no data for 1,250kg. 


In 1946 one aircraft was fitted 
with AIR-6 type floats. Designated 
Yak-10G (Gidro), it passed its Factory 
tests, but no data have been unearthed. 
In February 1947 a series aircraft was 
fitted with wooden Canadian skis 
1,930 by 340mm (76 by 13.4in), each 
weighing 20.25kg (44.6lb), and a tail 
ski weighing only 1.93kg (4/%Ib), so that 
the empty weight was even less than 
normal: 





Dimensions unchanged. 

Weight empty 812kg (1,790Ib); other weights 
unchanged. 

Maximum speed 195km/h (121mph); climb 
to 1,000m, 9.5min; service ceiling 2,550m 
(8,366ft); range 350km (217.5 miles); takeoff run 
350m (1,148ft); no other data. 








Yak-13 








As noted previously, this low-wing, 
four-seat cabin aircraft was designed 
(as the Yak-12) to afford a direct 
comparison with the Yak-14 (later 
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Yak-13; upper side view, Yak-10. (Yefim Gordon Archive) 
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Yak-13. (OKB) 


redesignated Yak-10) with a high- 
mounted wing. Having intended to 
make the wing position the only dif- 
ference, the basic objective was then 
forgotten and the low-wing aircraft 
was further developed to be signifi- 
cantly more advanced. Its construction 
was exactly the same, though aero- 
dynamically the wings were quite dif- 
ferent, the low-wing machine having a 
tapered wing with a root thickness/ 
chord ratio of 15 percent, tapering to 
9 percent at the tips. Unlike the Yak- 
10, it had a split landing flap, made of 
D1, across the centre section. What 
cannot yet be explained is how this 
tapered wing could have the same area 
as that of the Yak-10, which was unta- 
pered and had greater span. 

The engine was a similar 145hp 
M-11FM in a helmeted cowling, with 
electric starter, driving a VISh-327 
two-blade propeller. Fuel was carried 
in two 75-litre (16.5gal) tanks in the 
centre section, each with a float-driven 
gauge in the upper surface of the wing, 
giving considerably greater range 
than the Yak-10. Another significant 
difference is that with a low wing 
the undercarriage could be made re- 
tractable. Each single-strut main leg 
was attached to the outer end of the 
axle on which rotated the pneumat- 
ically braked wheel with a 500 by 
150mm tyre. A cockpit windlass 
pulled cables to retract the legs in- 
wards ahead of the front box spar, 
the leg and part of the wheel being 
faired by a door. The castoring tail- 
wheel had a 200 by 80mm tyre. 


The cockpit had four seats, and was 
enclosed by a fixed windscreen, left 
and right upward-hinged canopies 
each with sliding side windows, and a 
ply rear fairing with small windows. 
Features included provision for dual 
control, a pitot on the port wing and a 
venturi for gyro instruments, but no 
equipment for night flying. One 
account states that the Yak-13 was aer- 
obatic. 

Like the prototype Yak-10, the 
single prototype was painted red and 
silver, with Red Star markings. It was 
completed in November 1944, and 
passed State testing in 1945. Though a 
much better aircraft than the Yak-10 it 
was not ordered in quantity, and atten- 
tion was instead focused on the new 
high-wing aircraft to which the desig- 
nation Yak-12 was transferred. The 
ASCC allocated the name ‘Crow’. 





Span 11.5m (37ft 8%in); length 8.45m (27ft 
8%in); wing area 22.0sq m (237sq ft). 

Weight empty 868kg (1,913.5Ib); fuel 120kg 
(264.5Ib); oil 14kg (31lb); maximum loaded 
weight 1,230kg (2,712Ib). 

Maximum speed 245km/h (152mph); climb 
to 1,000m, 4.2min; service ceiling 4,000m 
(13,123ft); range 815km (506 miles); takeoff run 
330m (1,083ft); landing speed 89km/h (55mph), 
landing run 375m (1,230ft). 





Yak-11 





In 1944 Yakovlev discussed with the 
VVS and A-VMF the optimum 
fighter-pilot trainer for post-war use. 
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Despite the imminent introduction of 
jet fighters, it was soon agreed that this 
trainer would be derived from wartime 
Yakovlev fighters. The main argu- 
ments concerned the engine, and 
whether the aircraft should be entirely 
of metal. 

In late 1945 a prototype was flown 
designated Yak-UTI (in some docu- 
ments Yak-3UTI). Its airframe was 
based on the Yak-3U, with a 9.4m (30ft 
10in) all-metal wing and a mixed-con- 
struction fuselage. Among the major 
differences were that the engine 
was the new 570hp ASh-21 seven- 
cylinder, air-cooled radial (essentially 
half an ASh-82), driving a 3m (118in) 
VISh-111V-20 two-blade constant- 
speed propeller, a second cockpit was 
added with a separate sliding canopy, 
and the airframe was stressed to the 
exceptional load factor of 15.4. Arma- 
ment comprised a synchronized UBS 
with 100 rounds, plus racks for two 
FAB-100 bombs or other stores. The 
chief engineer was V A Shavrin, and 
the OKB pilot G S Klimushkin. The 
aircraft was clearly promising, but 
much could be done to improve it. In 
1946 a production prototype was 
tested, designated Yak-11. 

This was a refined aircraft, with 
neither cockpit in the original position 
and with the engine on rubber shock- 
absorbing mounts in a long-chord 
cowling exactly mating with the fuse- 
lage downstream, with hinged cooling- 
air exit doors at the sides and an 
exhaust ring behind the cylinders 
ejecting through twin pipes under- 
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neath. The all-metal two-spar wing 
retained Clark YH profile, with 5deg 
dihedral from the centreline, the D1 
skin having a thickness of 2mm back to 
the front spar and Imm behind. Out- 
board of the fuselage the large split 
flaps were retained, set to Odeg and 
43deg. 

The fuselage was based on a modi- 
fied truss of welded 30-KhGSA 
chrome steel tube, with light D1 sec- 
ondary structure bringing it to a cross 
section which was initially circular, 
tapering at the rear to an oval. The skin 
was mainly stress-bearing D1 except 
for the sides and underside aft of the 
cockpits which was fabric-covered 
over wooden stringers. The fin and 
tailplane were all-D1, and all control 
surfaces were of D1 with fabric cover- 
ing. The ailerons and rudder had 
ground-adjustable tabs, while the ele- 
vators had pilot-actuated trim tabs. 

Each main undercarriage unit had 
an oleo strut similar to that of a Yak-3, 
with the fork end curved round to 
meet the inner end of the axle carrying 
the drum-braked wheel with a 600 by 


The Yak-11 prototype. (OKB) 


180mm tyre, retracting inwards ahead 
of the front spar with the leg and part 
of the wheel faired by two doors. The 
tailwheel, with a 255 by 110mm tyre, 
could be unlocked to castor freely by 
pushing the control column forward, 
and retracted to the rear into a bay with 





twin doors. The main undercarriage, 
tailwheel, engine cooling doors, flaps 
and wheel brakes were all actuated by 
a pneumatic system, with main and 
emergency reservoirs charged by an 
engine-driven compressor. 

Fuel was housed in a 175-litre 




















Yak-11 (inset Yak-11U). (Yefim Gordon Archive) 
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(38.5gal) self-sealing tank filling the 
inner part of each wing between the 
spars, with a gauge in the wing upper 
surface. These tanks fed a 13.5-litre 
tank behind the engine, above which 
was the 38-litre oil tank. The oil cooler 
was in the port wing root, with an 
exit chute in the wing undersurface. 
Armament remained a UBS in the 
left side of the nose decking, with 
100 rounds, plus stores up to 100kg 
on racks immediately outboard of 
the main undercarriage. Equipment 
included a PAU-22 gun camera, a 
landing light in the port leading edge 
with the pitot head nearer the left tip, 
RSI-3M/-4M radio with a mast and 
twin wires, and cockpits more com- 
prehensively equipped than those of 
wartime fighters. 

Following Factory test —_ by 
Klimushkin, the prototype was offered 
for NII-VVS testing, which was satis- 
factorily completed in October 1946. 
Series production was authorized at 
Saratov and Leningrad, with deliver- 
ies from mid-1947, Series aircraft were 
slightly heavier, mainly because of 
additional equipment. They had non- 
retractable tailwheels, and often had 
a VISh-111D-15 propeller, and a 

_ShKAS instead of the UBS, and occa- 
sionally were fitted with a rear-view 
periscope above the windscreen. By 
1950 the ASh-21 had been cleared to a 
maximum power of 700hp, but in the 
Yak-11 the rating was held at 570hp. 


A Yak-11 with periscope and underwing racks. (RART) 


Production continued to 1955, aug- 
mented by 707 built under licence by 
LET in Czechoslovakia (all with the 
ShKAS) with the designation Le-10, 
soon replaced by the Czechoslovak air 
force designation of C-11. Total pro- 
duction was 3,859. The Yak-11 set five 
world class records (see Appendix 3), 
and was exported to eighteen coun- 
tries. Several are preserved in flying 
condition. The ASCC allocated the 
reporting name ‘Moose’. Data for a 
typical Saratov Yak-11: 


Span 9.4m (30ft 10in); length 8.2m (26ft 
10%in) [tail up, 8.5 m]; wing area 15.4sq m (166sq 
ft). 
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Weight empty 1,900kg (4,1891b); fuel 230kg 
(5071b); oil 24kg (531b); maximum loaded weight 
2,440kg (5,3791b). 

Maximum speed 465km/h (289mph); climb 
to 1,000m, 1.3min, to 3,000m, 5.8min; service 
ceiling 7,950m (26,080ft); range 1,250km (777 
miles); takeoff run 395m (1,296ft); landing speed 
89km/h (55mph), landing run 500m (1,640ft). 


Yak-11U Prototypes of this version 
were produced in 1951 for training jet 
fighter pilots. It differed in having a 
freely castoring nosewheel, retracting 
backwards into a bay with twin 
doors. The main undercarriage was 
redesigned, with the legs mounted 
behind the front spar and retracting 
into the inter-spar space. The spinner 





A Yak-11U series aircraft, Czechoslovak-built. (RART) 
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was usually omitted, and the engine 
cooling regulated by radial shutters 
round the front of the cowling. The 
radio was the RSI-6, with a VHF blade 
antenna mounted vertically under the 
belly, the gun camera the SV-2, and a 
glider hook could be fitted. Some doc- 
uments state that this version replaced 
the Yak-11 in production from 1951, 
and that the Czechoslovak designation 
was C-11U, but the most recent 
accounts make it clear that it was not 
built in quantity. Whereas Shavroy’s 
history, often repeated by others, gives 
the Yak-11U the same fuel capacity as 
the series aircraft, it is now known that 
the need to redesign the tankage, to 
accommodate the retracted main 
undercarriage, reduced the capacity 
considerably. Data where different 
from Yak-11: 


Length 8.66m (28ft 4%in). 

Weight empty 2,066kg (4,5551b); fuel 136kg 
(300Ib); maximum loaded weight 2,500kg 
(5,5111b). 

Maximum speed 460km/h (286mph); service 
ceiling 7,200m (23,622ft); range 770km (478.5 
miles); takeoff run 400m (1,312ft). 











Yak-12 
(second use) 








Unimpressed by the Yak-10, yet cog- 
nizant of the need fora multi-role, light 
utility aircraft, Yakovlev authorized a 
maximum-effort programme to pro- 
duce a better aircraft in early 1947. He 
retained Gudimenko as chief engineer, 
but assigned M A Shchyerbina, M N 
Beloskurskii and L L Selyakov in addi- 
tion, and test pilots F L Abramov, G S 
Klimushkin and M I Ivanoy. They 
adhered to exactly the same configura- 
tion and engine as the production 
Yak-10, and the most remarkable 
decision was that they also adhered to 
traditional mixed construction. 

The wing retained Clark YH pro- 
file. and was again untapered but 
with semi-circular tips. Structure was 
wood, with ply skin as far back as the 
front spar near the leading edge and 
fabric elsewhere. Large D1 slats were 
fixed over the leading edge of the un- 
tapered portion. On the trailing edge 
were pilot-operated slotted flaps in- 
board of the slotted ailerons. The latter 
were hung at mid-depth (unusual for 
Yakovlev) on D1 brackets attached to 
the rear spar, operated by rods and 
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tom. 








From the top: Yak-12, side view of Yak-12GR floatplane, Yak-12M, side view of Yak-12R at bot- 








cranks, with a ground-adjustable tab 
on the trailing edge. The wings were 
pinned to the top of the fuselage and 
braced with a dihedral angle of 3deg 
30! by V struts of drawn D1 linking a 
welded attachment at the bottom of 
the fuselage to both spars. 


The fuselage was unrelated to that 
of the Yak-10, but was again a welded 
truss of KhNZA steel tube, with 
wooden secondary structure and a 
mix of ply and fabric covering. The 
wire-braced tail was D1 with fabric 
covering. The rudder had a ground- 





Yak-12P. (OKB) 


adjustable tab and was operated by 
cables. The elevators were also cable- 
operated, but had horn balances and 
pilot-operated trim tabs. The 160hp 
M-11FR engine, driving a fixed-pitch 
aluminium propeller, was installed in 
the usual way, with a helmeted cowl- 
ing, but with short exhaust pipes 
instead of one long pipe under the 
fuselage. Each main undercarriage 
comprised a V of steel tubes with a 
wrap-round fabric fairing pinned to 
the bottom of the fuselage and 
attached by steel tapes to bracing 
struts sprung by rubber-cord shock- 
absorbers in the fuselage, with 
hydraulic dampers. The tyres were 600 
by 180mm on the main wheels, which 
had compressed-air drum brakes, and 
200 by 110mm on the sprung castor- 
ing tailwheel. In winter the same ski 


installation as fitted to the Yak-18 
could be used. 

Fuel was contained in two 100-litre 
(22gal) aluminium tanks in the wing 
roots between the spars. The 16-litre 
oil tank was immediately behind the 
firewall. The cabin had a door on each 
side and a bucket seat on the left for the 
pilot, who had a stick-type control. 
There was invariably a seat beside him 
(usually for an observer, though a few 
aircraft had dual control) and often a 
third seat at the rear. The pitot head 
was on the port front wing strut, and 
immediately outboard of the struts was 
a landing light. 

The prototype flew in 1947, and, 
though the aircraft was underpowered, 
and slower even than the Yak-10, pro- 
duction was soon authorized. Almost 
all the initial batches were for the VVS, 
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fitted with RSIU-16 radio with a 


mast/wire antenna, for use in artillery 
spotting (Korrektirovshchik) as well as 
liaison. Series aircraft were built at 
Dolgoprudnyi and at plant No. 23 at 
Leningrad, and later a licence was 
signed for production in Poland by the 
factory at Swidnik. All versions were 
given the ASCC name ‘Creek’. 





Span 12.09m (39ft 8in); length 8.36m (27ft 
5\in); wing area 21.6sq m (232.5sq ft). 

Weight empty 830kg (1,830Ib); fuel 145kg 
(319.7lb); oil 14kg (31lb); maximum loaded 
weight 1,185kg (2,612.41b). 

Maximum speed 169km/h (105mph) at sea 
level; cruising speed 148km/h (92mph); climb 
to 1,000m, 7.8min; service ceiling 3,000m 
(9,843ft); range 810km (503 miles); takeoff run 
130m (426.5ft); landing speed 64km/h (40mph), 
landing run 110m (361 ft). 


Yak-12S In 1948 the prototype was 
tested of this Sanitarnyi (ambulance) 
type. The fuselage truss was modified 
to accommodate a large cutout on the 
left with a hinged door through which 
a stretcher (litter) could be loaded. On 
the right was a seat for an attendant 
and stowage for a 22kg (48.5lb) med- 
ical kit. This went into production in 
1949, replacing ambulance versions of 
the Po-2. Yak-12S data differences: 





Weight empty 852kg (1,878lb); fuel 95kg 
(209.41b); maximum loaded weight 1,232kg 
(2,716lb). 

Maximum speed 172km/h (107mph); range 
620km (385 miles); landing speed 68km/h 
(42mph), landing run 90m (295ft). 


Yak-12SKh This agricultural 
(spraying/dusting) modification was 
tested in several versions, but not 





102 


Yak-12M with agricultural equipment. (OKB) 


many were built because they were 
underpowered. Behind the pilot’s seat 
was an aluminium (later glassfibre) 
tank for the chemical. A few sprayers 
were built, but most had the same 
dusting installation as the Po-2AP, 
with an aluminium spreader under the 
fuselage. Most had cable cutters on the 
front of the undercarriage. 


Yak-12UT A small number were 
built of this dual-control trainer ver- 
sion. Most (if not all) were civil air- 
craft, with upholstered seats. 


Yak-12G This Gidro (hydro) version 
was fitted with the original engine, and 
thus was seriously underpowered. 
Some documents call it Yak-12P 
(Poplavkovyi, floats), and Shavrov 
called it Yak-12GR. The twin floats 
were similar to those used on the 
AIR-6. Only one was tested. The total 
number of Yak-12s built with the 
M-11FR engine was 788, ending in 
1950. 





Length 8.81m (28ft 10%in). 

Weight loaded 1,300kg (2,8661b). 

Maximum speed 162km/h (100.7mph); range 
690km (429 miles); takeoff run 490m (1,608ft); 
landing run 130m (426ft). 


Yak-12R In June 1950 the main 
shortcoming of the Yak-12 was at last 
addressed by fitting the Ivchyenko 
AI-14R. This more modern nine- 
cylinder radial, rated at 260hp in most 
documents but at 250hp in many 
recent accounts, was installed in a 
long-chord cowling with radial shut- 
ters (usually twenty-eight) round the 
front and an exhaust collector ring 
behind the cylinders discharging 
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through twin pipes underneath. The 
cowling was made in two halves to 
open clamshell fashion, and was 
bulged at the sides for cooling air to 
escape. The engine had compressed- 
air starting, and drove a 2.75m 
(108%in) VISh-530L-11 bracket-type 
two-pitch propeller with two lami- 
nated-wood blades. In production air- 
craft the cabin could be heated by an 
exhaust heat-exchanger in a ram-air 
duct under the cowling. 

This modification, which increased 


power by well over 60 percent, was 
tested in June 1950 in an aircraft oth- 
erwise similar to the Yak-12. Before 
putting the re-engined aircraft into 
production the OKB made a major 
redesign of the airframe. The new 
wing retained Clark YH profile but 
had greater span and area, construc- 
tion being all-D1 and with the ply 
leading edge replaced by metal. Like- 
wise the previous ply skin over the 
front of the fuselage and rear deck was 
replaced by D1. The fuel tanks were 
made smaller, though without serious 
reduction in range. 

The greater power transformed the 
Yak-12, and combined with the larger 
wing to enable it to use much smaller 
airstrips. The latter could quickly be 
smoothed by a special dozer blade 
(soshnik, spade) to reduce ‘takeoff 
run, and more powerful brakes com- 
bined with the slower approach to 
reduce the landing run. The Yak-12R 
was the first version built in signi- 
ficant numbers (about 1,000), for 
both the VVS and GVE. The civil 
versions had normal upholstered 
seats, and all had the stretcher-loading 
door. Because it looked different this 
version received the ASCC name 
‘Creek-B’. 














Yak-12A. (Yefim Gordon Archive) 

















Span 12.6m (41ft 4in); length 8.4m (27ft 
6%in); wing area 23.8sq m (265sq ft). 

Weight empty 912kg (2,010.6lb); fuel 86kg 
(189.6lb); oil 14kg (311b); maximum loaded 
weight 1,172kg (2,584Ib). 

Maximum speed 184km/h (114mph); cruis- 
ing speed 160km/h (99.5mph); climb to 1,000m, 
3.6min; service ceiling 5,800m (19,030ft); range 
510km (317 miles); takeoff run 52m (171 ft); 
landing speed 60km/h (37mph), landing run 
81m (266ft). 


Yak-12M In 1954 a prototype 
was tested of this Modifitsirovannyi 
(modified) aircraft, in which the new 
engine was balanced by a longer rear 
fuselage and bigger tail. The wing- 
tips were made square, the area of the 
vertical tail increased by 41 percent, 
with a shapely dorsal fin, and the 
horizontal tail given 36 percent greater 
area, with square tips, two bracing 
struts, and the elevator horns removed. 
Fuel capacity was increased, the 
redesigned fuselage incorporated a 
more convenient stretcher door, and 
the cabin was for the first time 
equipped for the installation of four 
seats. The fuselage truss, main under- 
carriage legs and front wing struts 
were strengthened, and the tail- 
wheel rubber springing was replaced 
by an oleo strut. The usual propeller 
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Yak-12B. (Petrov collection via RART) 


was the V-530D-11/N, with constant- 
speed control, and this was standard 
on the later Yak-12A. 

The Yak-12M was produced in 
several versions for military and 
civil use, including an agricultural 
variant able to operate for two hours 
between reloads, and a sport parachut- 
ing version with a running board on 
the right side under the door. The 
ASCC called this sub-series ‘Creek- 
C’. Data differences: 





Length 9.0m (29ft 6%in). 

Weight empty 1,026kg (2,262Ib); fuel 135kg 
(298Ib); maximum loaded weight 1,450kg 
(3,197Ib). 

Maximum speed 182km/h (113mph); climb 
to 1,000m, 4min; service ceiling 4,160m 
(13,648ft); range 765km (475 miles); takeoff run 
126m (413ft); landing speed 82km/h (51mph), 
landing run 90m (295ft). 


Yak-12A First tested in 1957, this 
was the last series variant. The air- 
frame was redesigned to improve 





















































































































































Yak-14 (inset, nose and tail hinged for loading /unloading). (OKB) 
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toughness and operation at increased 
weights (in several respects making the 
aircraft more like a contemporary 
Cessna). The wing was completely 
redesigned, with all-metal structure 
with a discontinuity at 55 percent 
semi-span. Outboard of this point the 
wing was tapered on the trailing edge 
and had one main spar at 34 percent 
chord. Inboard the wing was rectan- 
gular, and the main spar split into two 
to pick up at adjacent frames on the 
fuselage, one on each side of the doors. 
Between the spars was a tapered 100- 
litre (22gal) fuel tank. Light spars ran 
just behind the leading edge and along 
the trailing edge to carry the improved 
slotted flaps and two-part ailerons. 
Instead of a prominent fixed slat the 
leading edge outboard of the disconti- 
nuity was fitted with neat retractable 
automatic slats. The wings were metal- 
skinned above and below as far back as 
the main spar, the remainder being 
fabric. Dihedral was unaltered, but 
only a single bracing strut was used, 
pin-jointed to the wing at the bifurca- 
tion of the main spar. 

The fuselage structure was refined, 
cabin window area increased, hori- 
zontal tail redesigned, undercarriage 
strengthened, the landing light moved 
inside the leading edge inboard of the 
pitot (which itself was now attached 
direct to the port wing) and the 
furnishings made more comfortable. 
The instrument panel was redesigned, 
and fitted with a push/pull wheel 
instead of a stick. Despite the in- 
creased weight, this version had 
considerably improved flight perform- 
ance. Over 1,000 were built. The 
ASCC name was ‘Creek-D’. 





Dimensions unchanged except wing area 
22.6sq m (244sq ft). 

Weight empty 1,059kg (2,335Ib); fuel 151kg 
(333Ib); maximum loaded weight 1,588kg 
(3,5011b). 

Maximum speed 215km/h (143mph); cruis- 
ing speed 190km/h (118mph); climb to 1,000m, 
5.3min; service ceiling 4,100m (13,450ft); range 
1,100km (683.5 miles); takeoff run 153m (502ft); 
landing speed 89km/h (55mph), landing run 
131m (430ft). 


Yak-12B A single example was 
built of this STOL version with 
a 300hp AI-14RF engine, driving a 
larger constant-speed propeller, and 
biplane wings. The basic aircraft 
was a Yak-12A, to which the OKB 
added lower wings of reduced 
(10m, 32ft 9%in) span with full-span 
slotted flaps. The maximum angle of 
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all four flaps was increased, the lower 
flaps being pneumatically actuated, 
tie-rods pulling down the upper flaps 
in unison. A single strut joined the 
upper and lower outer main spars of 
each wing. Takeoff and landing runs 
were in the region of 35m (115ft). 

Different versions of the Yak-12 
were produced from 1948 until 
1960. Including 1,516 Yak-12M and 
Yak-12A built under licence at Okecie 
in Poland, the total number con- 
structed was 4,420. Different versions 
were widely exported, and the Yak-12 
was further developed in Poland (as 
the PZL-101 Gawron) and was the 
basis of Chinese aircraft in the same 
category. 








Yak-14 
(second use) 








Remarkably, in view of the fact that 
his OKB was overloaded with diverse 
projects, in 1948 Yakovlev assumed 
responsibility for an assault glider with 
a payload of 3,500kg (7,716lb). This 
was all the more surprising in view of 
the fact that Antonov Grokhovskii and 
Tsybin had already produced assault 
gliders, the Ts-25 with a 2,500kg pay- 
load having entered service in late 
1945. Moreover, it was known that 
the Western Allies had abandoned the 
development of such aircraft. 

Despite all this, Yakovlev took the 
Yak-14 project on board in early 1948 
with high priority, assigning Ye G 
Adler and L L Selyakov as chief engin- 
eers. The demand from the VDV 
(Military Landing Aviation) was the 
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carriage of various 3,500kg loads, such 
as a 76.2mm gun with GAZ-67 truck 
and crew of seven, or a 57mm anti-tank 
gun with a GAZ-67 and crew and 
ammunition, or an ASU-57 self- 
propelled gun and crew, or thirty-five 
equipped troops. The tug was to be the 
IPyushin Il-12 (or Tu-2), the Li-2 
being insufficiently powerful. 

Yakovlev sketched the basic design, 
which featured a flapped wing 
mounted above a box-like fuselage 
with a large hinged nose and tail. The 
wing was predictably of Clark YH pro- 
file, with a thickness/chord ratio of 15 
percent over the rectangular centre 
section tapering to 8 percent at the 
tips. Structure was all D1, with ribs 
pressed from sheet. The skin was D1 
back to the single mainspar, with 
thickness from 0.8—1.8mm, and fabric 
behind it. A single bracing strut linked 
the bottom of the fuselage to the outer 
end of the centre-section spar, the 
tapered outer panels being can- 
tilevered. On the trailing edge were 
12.48sq m (134sq ft) slotted flaps, dri- 
ven down by stored air pressure 
backed up by 80:1 cockpit handwheels. 
Between the flaps and tip were slotted 
ailerons, able to droop with the flaps, 
of 7.5sq m (80.7sq ft) area, made in 
large inner and small outer sections, 
respectively with pilot-actuated tabs 
and ground-adjustable trim tabs. 
Above the outer wings near the lead- 
ing edge were spoilers to kill lift upon 
landing. 

The fuselage was based on a truss 
welded from KhroManSil steel, with 
covering mainly of fabric. The main 
central portion had six strong bulk- 
heads with D1 secondary structure, 
with a D1 floor designed for heavy 
vehicles (wheeled and tracked). The 








cargo space measured 8m (26ft 3in) 
long, with a width of 2,340mm (92/in) 
and headroom varying from 2,250 
to 2,160mm (85.0in). An 830 by 
1,480mm (32% by 58in) door was pro- 
vided at the front on the right and at 
the rear on the left, the rest of each wall 
having three rectangular windows with 
central firing ports. 

To speed loading and unloading the 
complete nose could hinge open to the 
right and the complete rear fuselage to 
the left. When closed they were 
quickly locked in place by bolts, the 
closure of the rear fuselage automati- 
cally connecting the flying controls to 
the tail. For loading vehicles strong 
ramps with a surface of corrugated D1 
could be clipped in place. In the troop- 
carrying role thirty-five troops sat 
partly on these stowed ramps and 
partly on benches along the walls. 
Above the left side of the fuselage was 
the cockpit with side-by-side dual 
controls, gained by external bent-tube 
steps up the left side of the fuselage 
and a hinged door. The forward side 
windows could be opened. To max- 
imise payload space the flying-control 
wheels were hung from the roof, the 
surfaces being moved by cables. 

The tail was all-D1 except for fabric 
aft of the main spar on the control 
surfaces. The fin, with a fashionable 
dorsal fin, was made integral with the 
rear fuselage, and together with the 
rudder had an area of 11sq m (118.4sq 
ft). The untapered braced horizontal 
tail had an area of 14.43sq m (155.3sq 
ft). All control surfaces had inset 
hinges and trim tabs. The tricycle 
undercarriage comprised main air-oil 
shock struts with single wheels fitted 
with 900 by 300mm tyres and a ley- 
ered-suspension castoring nosewheel 
with a 600 by 250mm tyre. On landing, 
the pilot could quickly release the air 
from the main shock struts, allowing 
the glider to settle on a pair of rubber- 
sprung pine/ash skids. This reduced 
the landing distance and facilitated 
unloading through the open rear. An 
air bottle, also used to energize the 
flaps and wheel brakes, could later re- 
pressurize the main legs to allow the 
glider to be towed out again. The spoil- 
ers were mechanically opened by rods 
and levers. The towing connection was 
in the tip of the nose, and the release in 
the centre of the very fully equipped 
instrument panel. One unexpected 
item was an oscilloscope which, with 
the aid of a small transmitter on the 


The Yak-14, nose door open. (OKB) 


tug, showed the relative position of the 
tug in cloud or at night. An RSI-6 
radio was standard, with wire antenna 
attached to the fin. Electrical equip- 
ment was served by a 12A-20 battery, 
charged by a GS-10-350M windmill 
generator under the port wing strut. 
The prototype was completed in 
June 1948 and tested at Medvyezhe 
Ozero (lake) between Kargan and 
Omsk. Test-flying was done by pilots 
from the VDV assault air-landing unit, 
principally pilot Peskoy. In December 
1948 a VDV evaluation unit was 
formed under Col V Ye Golofastov. On 
one memorable occasion the glider 
pilots noticed the starboard engine of 
the Il-12 tug was on fire. Because of 
poor reception the tug crew feathered 
the wrong engine. They were over 
rugged terrain where no landing was 
possible, and the glider pilots avoided 
the flames by weaving from side to 
side. Eventually the tug crew sorted 
things out and flew 80km (50 miles) in 
a controlled descent to a safe landing. 
Many difficulties were encountered, 
and because Aeroflot had priority on 
Il-12 deliveries some tests were done 
using pairs of Li-2s. Nylon being 
unavailable, the problems of steel 
cables were overcome by a nylon sub- 
stitute, Kapron. Il’yushin produced 
the Il-12D and 12TB specifically 
equipped for towing. Some Yak-14s 
were constructed at Chkalovsk, but 
the main factory was No. 412 at 
Rostov-on-Don. The total production 
was 413 series gliders. In 1950 one 
made headlines by being towed by an 
Il-12 to the North Pole. They saw lim- 
ited service, three being supplied to 
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Czechoslovakia where they were styled 
NK-14. The ASCC reporting name 
was ‘Mare’. 





Span 26.17m (85ft 10%in); length 18.44m 
(60ft 6in); wing area 83.35sq m (897sq ft). 

Weight empty 3,082kg (6,794.5lb) [OKB, 
3,095kg]; maximum loaded weight 6,750kg 
(14,8811b) [OKB 6,180kg]. 

Maximum towing speed 300km/h 
(186mph); optimum gliding speed 145km/h 
(90mph) (glide ratio 12.5:1); takeoff speed 
135km/h (84mph); landing speed 88km/h 
(54.7mph), landing run 370m (1,214ft) brakes 
only, 270m (886ft) on skids. 





Yak-15 





Alone among Soviet designers, 
Yakovlev succeeded in taking a short 
cut to a successful jet fighter by basing 
it on a proven piston-engined design. 
The only other team to do this was 
Saab in Sweden, but they had the 
advantage of starting with a pusher 
design with the tail carried on twin 
booms. The only other contemporary 
project for replacing a tractor piston 
engine by a turbojet was at Bremen and 
Bad Eilsen, where the planned Focke- 
Wulf 190S was soon abandoned. In 
contrast, Yakovlev’s conversion went 
into production, and formed the basis 
for a long series of later fighters and 
two-seat trainers. 

Existence of German jet and rocket 
aircraft became known in 1943, and of 
Allied jets in January 1944, but it was 
not until February 1945 that Soviet 
designers were summoned to the 
Kremlin to receive orders to build jet 
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Yak-15 longitudinal section. (Yefim Gordon Archive) 





fighters. Though A Lyul’ka was mak- 
ing good progress with axial-flow tur- 
bojets, no Soviet engine was available, 
and Stalin announced that as a tempo- 
rary measure the German Junkers 
Jumo 004B and BMW 003A would be 
built in the Soviet Union. This was 
done, the Soviet versions being desig- 
nated the RD-10 and RD-20, respec- 
tively. Yakovlev pointed out that his 
Yak-3 was well matched to the 900kg 
(1,984lb) thrust of the German 
Jumo 004B, and was instructed to 
build this jet conversion, as a crash 
programme. Sukhoi was already work- 
ing on an aircraft similar in configura- 
tion to the Messerschmitt Me 262, 
Yakovlev sniping at it and damning 
such a layout as dangerous. Lavochkin 
and Mikoyan started from scratch, 
respectively with one and with two 
engines hung under the nose as in 
Yakovlev’s project. This configuration, 
not popular in other countries, was 
called the ‘step’ layout in the Soviet 
Union, because it resembled the step 
of a flying boat’s hull. 

Yakovlev assigned the Yak-3/Jumo 
to Ye G Adler, assisted by Shekhter. 
The first dimensioned three-view was 
available in three days, and drawings 
were issued to the OKB experimental 
factory from late May 1945. Despite 
the dramatic change in engine, no par- 
ticular difficulties appeared, and the 
loaded weight of the jet fighter was cal- 
culated to be less than for the original. 
Existing drawings for the all-metal 
Yak-3/VK-107A were retained for 
almost the entire rear fuselage, hori- 
zontal tail and main undercarriage, 
and most of the wing. 


At the front the welded-tube fuse- 
lage truss was considerably modified to 
carry the German axial turbojet hung 
underneath on rubber shock-absorb- 
ing mounts. Even though the engine 
axis was inclined 4deg 30' nose-up, the 
skin under the rear fuselage near the 
jet nozzle was of KhGSA chrome 
steel. The tailwheel was fabricated in 
steel (without a rubber tyre) and pro- 
tected by a small fairing which formed 
the door over the front of the bay into 
which it retracted. The horizontal tail 
was a Yak-3 component, but the verti- 
cal tail was slightly enlarged, and 
redesigned with a greater number of 
ribs and with the lower part of the rud- 
der skinned in D1. The engine acces- 
sories were readily accessible upon 
removal of the large D1 nose cowling 
panels. The Riedel two-stroke piston- 
engine starter, housed in the engine 
nose ‘bullet’, was retained. 

The wing spars were strengthened 
by using thicker D1 for the spar 
booms, and the front spar was curved 
in an arch over the installed engine. 
The main fuel tanks were as before in 
the space between the inboard-wing 
spars, with a third tank (changed in 
shape in the production aircraft) above 
the engine. The cockpit was given a 
thin frameless windscreen and _aft- 
sliding canopy. The prototype, soon 
redesignated Yak-15, was hand-built 
with utmost urgency. The planned 
armament was the traditional one of 
one ShVAK and two UBS, but the 
prototype was not fitted. with arma- 
ment or radio. 

In October 1945 the completed and 
flight-ready aircraft was put through 
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routine taxi tests and short hops at 
Zhukovskii by its assigned OKB test 
pilot, Mikhail I Ivanov. Amazingly, 
instead of being flown, it was then put 
into the large CAHI wind tunnel, 
where it was tested — on many occa- 
sions with the engine running — until 
April 1946. Yakovlev said the reason 
was political, while other accounts 
explain this extraordinary waste of 
time as ‘inclement weather’. 

At last, once the rival MiG I-300 
was also at Zhukovskii, the Yak-15 was 
cleared for flight. On 24 April 1946, 
following the toss of a coin, the I-300 
(prototype MiG-9) made the Soviet 
Union’s first jet flight, the Yak follow- 
ing three hours later. Subsequent 
flight testing was exceptionally trou- 
ble-free, and both rival prototypes 
were publicly displayed at ‘Tushino 
Aviation Day on 18 August 1946. 
By this time a second prototype was 
flying, fitted with armament but not 
radio. The Yak-15 was clearly an 
excellent aircraft, and the decision to 
put it into production was taken long 
before NII-VVS testing had been 
completed. 

The contract was awarded to 
Factory No. 31 at Tbilisi, as a direct 
follow-on to Yak-3 production. Stalin 
decreed that twelve examples of both 
rival jet fighters should participate in 
the October 1946 revolutionary parade 
over Red Square. This was achieved, 
though at the expense of delaying 
actual production with the proper 
tooling, and the flypast was cancelled 
because of fog. The first of this pre- 
series batch was crated and sent by 
rail on 20 September, and flown on 
































Yak-15; lower side view, Yak-21. (Yefim Gordon Archive) 








5 October. The last of the twelve was 
sent on 21 October. 

Series Yak-15s, powered by the 
RD-10 cleared to 25 hours between 
overhauls, began to appear towards the 
end of 1946. The chosen armament 
was changed to two B-20 and finally to 
two NS-23, each with 60 rounds. 
RSI-6 h.f. radio was installed, the wire 
antenna running from the fin to a var- 


nished wood mast mounted at an angle 
beside the canopy. On 1 May 1947 the 
parade over Red Square included 100 
jet fighters, half Yak-15s and the other 
half MiG-9s (this appears not to have 
been reported in Western media). 
NII-VVS testing was completed in 
May 1947. Gen P M Stefanovyskii did 
many of the tests himself, delighting in 
this aircraft and commenting that it 
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was the world’s lightest and cheapest 
jet fighter but in no way inferior to 
heavier types. The total of pre-pro- 
duction and production aircraft is 
believed to have been 280. The total 
for all series-built Yak-15, Yak-17 and 
Yak-17UTI aircraft was 710. The 
ASCC name was ‘Feather’. 





Span 9.2m (30ft 2%in); length 8.7m (28ft 
64in); wing area 14.85sq m (160sq ft). 

Weight empty 1,918kg (4,228Ib); fuel 590kg 
(1,3011b); oil 10kg (22Ib); maximum loaded 
weight (prototype) 2,634kg (5,807Ib), (series) 
2,735kg (6,0301b) 

Maximum speed 700km/h (435mph) at sea 
level, 805km/h (500mph) at 5,000m; climb to 
5,000m, 4.8min; to 10,000m, 13.8min; service 
ceiling 13,350m (43,800ft); range 510km (317 
miles); takeoff run 600m (1,970ft); landing speed 
135km/h (84mph), landing run 720m (2,362ft). 


Yak-RD Also known as_ the 
Yak-RD-10, this was a single aircraft 
based on the Yak-15 but with a modi- 
fied airframe. The most important 
change was that it was fitted with a 
redesigned wing with a so-called lam- 
inar profile, with reduced thickness. 
In turn this demanded a different 
main undercarriage, and Adler, with 
Yakovlev’s support, created a strange 
undercarriage with a single shock strut 
carrying the wheel outside a levered- 
suspension leg giving a very long 
effective stroke. Unusually, this lever 
was not behind the leg but ahead of it. 
This improved stability for harsh 
braking on landing. The leg was 
hinged to a bracket inside the fuselage 





Yak-15 series. (RART) 
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The Yak-RD-10. (Yefim Gordon Archive) 


under the main spar, and retracted to 
the rear while the lever pivoted so that 
the wheel was stowed in the wing root 
behind the rear spar, the unit being 
faired by four doors carried on the leg 
and fuselage. 

Other changes affected the tankage, 
the tail (largely redesigned, with 
increased area and a mass-balance 
rod. above the rudder), the tailwheel 
(with the protective shield replaced 
by twin doors) and the canopy, which 
had a fixed rear portion faired straight 
into the fuselage downstream. The 
Yak-RD was faster than the Yak-15, 
but data have not yet been discovered. 


Yak-15U A single example was built 
of this version of the series aircraft 
with modified main undercarriage and 
a castoring nosewheel in an external 
fairing. It led to the Yak-17. A further 
direct development was the Yak-21 
tandem dual-control trainer, described 
separately. Several Yak-15s were used 
for research and experimental pro- 
grammes, including the first inflight 
refuelling of a jet aircraft in the Soviet 
Union, using a looped hose connected 
to the starboard wingtip. 








Yak-16 








At the beginning of 1947 Yakovlev 
returned to the question of a small civil 
transport, larger than the Yak-8 but 
smaller than the Li-2 or I-12 and with 
a modern, all-metal, stressed-skin air- 
frame. At this time the biggest and 


most modern transport in service with 
Aeroflot was still the Li-2, and the 
Yak-16 was made simpler in both 
structure and equipment whilst at the 
same time incorporating twelve years 
of technical development. One adverse 
factor was that flush riveting was still 
unusual in the Soviet Union, and the 


decision was taken to use lentil-head 
(shallow convex) rivets. 

The Yak-16 was developed under 
the direction of P D Samsonov, whose 
own flying-boat OKB had been evacu- 
ated in 1941 and never reopened. The 
two-spar wing was of Clark YH 
profile, with a horizontal rectangular 





Yak-16-1; lower side view Yak-16-2. 














Yak-16-1. (OKB) 


centre section and outer panels with 
dihedral and taper. Split flaps were 
driven pneumatically to a maximum of 
40deg. The oval-section unpressur- 
ized fuselage and fin and tailplane were 
simple all-metal structures. The con- 
trol surfaces were fabric-covered and 
fitted with pilot-controlled tabs. 

The two 570hp ASh-21 engines 
were almost identical to those used in 
the Yak-11, and were installed in sim- 
ilar tight cowlings, with twin exhaust 
pipes at ‘5 and 7 o’clock’, but with dif- 
ferent variable exits for cooling air. 
The two-blade VISh-111Va constant- 
speed propellers had large spinners. 
Fuel was housed in four wing tanks 
totalling 1,800 litres (396gal). Behind 
each firewall was a 35-litre oil tank, and 
the oil radiators were in the leading 
edge inboard of each nacelle, with a 
‘letterbox’ inlet and an exit above the 
wing. Each main undercarriage had a 
single leg to a wheel with a 900 by 
300mm tyre, with pneumatic brakes 
and pneumatic retraction to the rear to 





leave part of the tyre exposed. The tail- 
wheel, with a 470 by 210mm tyre, was 
not retractable but could be unlocked 
to castor. The normal crew com- 
prised pilot and radio operator. Wire 
antennas were stretched from the fin 
to a small stub mast ahead of a tiny 
astrodome and from another stub 
under the belly to the remarkably long 
forward-raked pitot mast under the 
nose. The main cabin had a door on the 
left, and could seat ten passengers, five 
along each side beside a rectangular 
window. At the back was a small toilet, 
with a roof porthole (an OKB drawing 
shows it with a passenger-type win- 
dow), and behind that a door on the 
right opened a bay for 100kg (220.5lb) 
of baggage or cargo. 

The Yak-16 was flight tested by F L 
Abramov from September 1947. It 
proved a troublefree aircraft, and after 
satisfactory NII-GVF testing by such 
experts as Anokhin and Gallai was 
accepted for series production. No 
order was placed, partly because the 


Yak-16 109 


An-2 was cheaper and could use much 
smaller and more primitive airfields. 
The prototype made sales visits to sev- 
eral European countries, but without a 
sale to Aeroflot had little chance of 
finding a customer. The ASCC gave it 
the name ‘Cork’. 





Span 21.5m (70ft 6%in); length 16.0m (52ft 
6in); wing area 56.2sq m (605sq ft). 

Weight empty 4,465kg (9,8431b); fuel 480kg 
(1,058lb); oil 45kg (991b); maximum loaded 
weight 6,021kg (13,274Ib) originally, 6,050kg 
(13,338Ib) later. 

Maximum speed 370km/h (230mph) origi- 
nally, 354km/h (220mph) later; climb to 1,000m, 
2.3min; service ceiling 7,700m_ originally, 
7,550m (24,800ft) later; range 800km (497 
miles); takeoff run 240m (787.4ft); landing speed 
100km/h (62mph), landing run 250m (820ft). 





Yak-16-II In 1948 a single example 
was built of a military version, in- 
tended as an assault or paratroop 
transport, casevac ambulance or pho- 
tographic-survey aircraft. Features 
included an MV-series VUS dorsal 
turret with a 12.7mm UBT gun, 
slightly enlarged vertical tail, modified 
engine gills, propellers without spin- 
ners, a large cargo door (incorporating 
the original passenger door), a glider 
towing cleat, radar altimeters and 
military avionics. The cabin could 
carry seven armed infantry or six 
stretcher casualties, and racks under 
the centre section could release three 
parachuted containers or three FAB- 
100 bombs. 

This aircraft was unofficially desig- 
nated Yak-16-II, the civil prototype 
again being given the unofficial 
designation the Yak-16-I. Again, no 
production was ordered. Data differ- 
ences: 





Yak-16-2 with experimental propellers and forward gun position. (OKB) 
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Weight empty 4,993kg (11,007Ib); maximum 
loaded weight 6,615kg (14,5831b). 

Maximum speed 348km/h (216mph); service 
ceiling 7,200m (23,620ft); range 750km (466 
miles). 








Yak-17 








By late 1946 it was evident that the 
Yak-15 had proved a remarkable 
success, and retention of the Yak-3 
cockpit and systems made pilot con- 
version very simple. The only obvious 
shortcoming was the tailwheel under- 
carriage, and following preliminary 
tests with the Yak-15U Yakovlev 
ordered a major redesign of the Yak-15 
as a nosewheel aircraft, forgetting 
about commonality with the Yak-3. 
The installation of the engine under 
the nose complicated the design of the 
nose undercarriage. Eventually a way 
was found to continue the welded-steel 
fuselage truss round the nose, sur- 
rounding the front of the engine, with- 
out making engine changes more 
difficult. The new nose gear was a neat 
castoring levered-suspension — unit, 
with a lower fork carrying an unbraked 
wheel with a 400 by 190mm tyre, 
retracted backwards by the unchanged 
pneumatic system. Presence of the 
engine made it impossible to accom- 
modate the retracted unit internally, 
and it was faired inside a large blister 
formed by a small door hinged under 
the nose, a curved fairing attached to 
the leg and a rear box with an aperture 


Yak-17 series. (Petrov collection via RART) 























Yak-17; lower side view, Yak-17UTI. (Yefim Gordon Archive) 








through which the tyre rim projected 
(this rear box was absent from proto- 


types). 
As on the Yak-11U and 15U, the 
main undercarriage had to be 


redesigned to place the extended 
wheels well behind the centre of grav- 
ity. Each main unit comprised a verti- 
cal oleo leg with a pivoted lever 
carrying the wheel, with unchanged 
600 by 180mm tyre, pulled inwards by 
a pneumatic ram acting on a Y-shaped 


breaker strut. The leg was now pivoted 
behind the front spar so that the 
retracted unit filled most of the space 
between the spars. This demanded a 
redesign of the fuel tankage, and 
despite shaping the inter-spar tanks 
around the wheels the internal capac- 
ity was reduced to 680 litres (150gal). 
To increase range the outer wings were 
redesigned so that a 200-litre (44gal) 
jettisonable tank could be hung under 
each tip. 








Yak-17UTI series. (Petrov collection via RART) 


The structure of the wing was again 
strengthened to maintain a load factor 
of 12 at considerably increased weights 
(though the tip tanks actually reduced 
the bending moment), and the vertical 
tail was again redesigned with greater 
height and area (the same as the 
Yak-RD) with the top of the rudder fit- 
ted with a mass balance and inset 
below the less-rounded top of the fin. 
Armament, systems and equipment 
were almost unchanged. 

The prototype Yak-17 was flown in 
mid-1947. NII-VVS_ testing was 
passed without difficulty, though 
the additional weight with tip tanks 
reduced flight performance compared 
with the Yak-15 or other Soviet jets. 
Production was ordered at Tbilisi, 
most series aircraft having a periscope 
above the windscreen. Single examples 
were presented to Czechoslovakia 
(designation S-100) and Poland. The 
USAF called the Yak-17 the ‘Type 16’, 
which was replaced by the ASCC 
name ‘Feather’? (the same as the 
Yak-15, because without tip tanks the 
two looked similar in flight). 


Dimensions unchanged except length 8.78m 
(28ft 9%in). 

Weight empty 2,081kg (4,588Ib); fuel 553kg 
(1,2191b) internal, 875kg (1,9291b) with tip 
tanks; oil 10kg (221b); maximum loaded weight 
(prototype) 3,240kg (7,143lb), (series) 3,323kg 
(7,326lb), (2,890kg, 6,3711b, without tip tanks). 

Maximum speed 702km/h (436mph) at sea 
level, 751km/h (467mph) at 5,000m; climb to 
5,000m, 5.8min; service ceiling 12,750m 
(41,830ft); range (max) 717km (446 miles); take- 
off run 635m (2,083ft); landing speed 160km/h 
(100mph), landing run 560m (1,837ft). 


Yak-17UTI Despite their inherited 
agility, the limited engine power of 
Yakovlev’s fighters inevitably made 
them also-rans compared with those of 
rival constructors. Almost all the 
series-built Yak-17s were of this tan- 
dem dual-control trainer version, 
which filled an important need in all 
Soviet air arms. The cockpits for the 
pupil in front and instructor behind 
were the same as in the Yak-21, but the 
canopy was entirely different. The 
fixed windscreen was deeper and less 
acutely sloped, and each cockpit was 
fitted with its own flat-topped hood 
sliding to the rear. 

Fuel capacity was slightly reduced, 
and there was no provision for tip 
tanks. RSI-6 radio was retained, and 
the mast beside the fixed rear canopy 
section was sloped directly to the side. 
The engine bay was rearranged, and 
armament changed to a single UBS. 
The rear fairing for the nosewheel was 
omitted. This version went into pro- 
duction in 1948, series aircraft being 
unarmed. Total production was 430, 
bringing the total for all series-built 
Yak-15 and Yak-17 aircraft to 717. The 
USAF called the Yak-17UTI ‘Type 
26’, which was replaced by the ASCC 
name ‘Magnet’. Data differences: 





Weight empty 2,148kg (4,735lb); fuel (proto- 
type) 464kg (1,0231b), (series) 535kg (1,1791b); 
oil 9kg (201b); maximum loaded weight 2,906kg 
(6,406.51b). 

Maximum speed 724km/h (450mph) at 
5,000m; climb to 5,000m, 5.7min; service ceiling 
12,000m (39,370ft); range 330km (205 miles); 
takeoff run 640m (2,100ft); landing speed 
164km/h (102mph), landing run 700m 
(2,300ft). 
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Yak-18 





Despite his ability to progress to fight- 
ersand jets, Yakovlev never lost interest 
in simple primary trainers. In 1945 he 
authorized development of a new 
standard military and civil pilot trainer, 
on the basis of a modernized UT-2L. 
Chief engineer on the programme was 
S V Rogoy, and the assigned chief test 
pilot was Klimushkin. 

It was obvious the engine would 
be the 160hp M-11FR, in a tradi- 
tional D1 helmeted cowling, driving a 
VISh-327 two-blade propeller. The 
idea of basing the design on the 
UT-2L was quickly abandoned, and 
what emerged was an excellent fresh 
design, almost eliminating wooden 
structure, and exceptionally easy to 
make and maintain. 

The wing had Clark YH profile, 
14.5 percent thick over the horizontal 
rectangular centre section, reduced 
to 9.3 percent just inboard of the 
rounded tips of the outer panels, which 
had 6deg 30' dihedral and equal taper. 
Structure comprised two simple spars 
and pressed-D1 ribs, with D1 covering 
ahead of the front spar and fabric 
behind it. The efficient fabric-skinned 
slotted ailerons were driven by rods 
and levers and had ground-adjustable 
tabs. Under the centre section was 
a split flap, added as a training aid, 
depressed to 55deg for landing. It was 
originally planned that its operation 
should be manual, but eventually it 
was decided to use pneumatic power, 
as described later. 

The fuselage was based on a truss 
of welded mild-steel tube, with 
D1/wood formers and stringers to 
support detachable D1 panels as far 
back as the trailing edge and fabric fur- 
ther back. The wire-braced tail was 
D1/fabric, the rudder having a 
ground-adjustable tab and the eleva- 
tors pilot-controlled trim tabs. The 
main undercarriage legs were to be 
simple fixed braced oleo struts carry- 
ing unbraked wheels with 500 by 
150mm tyres, the tail having a rubber- 
sprung skid. Before the prototype was 
finished it was decided to fit a castor- 
ing tailwheel and braked mainwheels 
on legs which could be retracted to the 
rear by pilot-operated cables, as a 
training aid, the legs lying under the 
wing and the wheels projecting to 
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Yak-18; inset upper, Yak-18U; inset lower, Yak-18A. (Yefim Gordon Archive) 








reduce damage in wheels-up landings. 
Mechanical indicators projected up 
from the wings when the wheels were 
extended. In winter all three wheels 
could be replaced by skis. 

Fuel was housed in two 65-litre 
(14.3gal) tanks in the wing between the 
fuselage and undercarriage, each with 
a dial gauge in the wing above, and oil 
ina 15-litre drum tank behind the fire- 
wall, both systems being designed for 
prolonged flight under negative-g (as 
in inverted flight). The tandem cock- 
pits were provided with aft-sliding 
canopies, fully duplicated instruments 
and controls and a choice of bucket 
seats for military use or padded seats 
for DOSAAF and other civilian cus- 
tomers. 

As finally built, the prototype 
had an engine-driven compressor 
which recharged an air bottle serving 
a pneumatic system at 49kg/sq cm 
(697Ib/sq in). This served the engine 
starter, wheel brakes, undercarriage 
retraction and flap operation. A land- 
ing light was installed in the port lead- 
ing edge, with the pitot head further 


outboard. RSI-3M/-4M radio was 
installed. with a twin-wire antenna 
from the fin toa mast on the centreline 
at the aft end of the canopy, and 
the cockpits were connected by 
Gosport-tube intercom. There was no 
provision for armament. 


The Yak-18 prototype. (OKB) 


OKB testing, by Klimushkin, was 
followed by very successful NII-VVS 
State testing for both military and civil 
use. Large orders were placed on facto- 
ries at Arsenyev and Kharkoy, and later 
a licence was obtained by the People’s 
Republic of China. Radio, blind-flying 








Yak-18A. (RART) 


instruments and hood, a glider tow- 
ing hook and night-flying equipment 
were installed to customer order. In 
the course of production the cowling 
was improved, the spinner was usually 
omitted, and clearance obtained for 
unrestricted aerobatics including flick 
manoeuvres. Soviet civilian pilots of 
the Yak-18 gained nine FAI world class 
records (Appendix 3). Total produc- 
tion amounted to 4,131, including 
379 in China. Customers were found 
in nineteen countries, sometimes in 
barter deals (e.g., Austria paid with 
sheet steel). The ASCC reporting 
name (used for all subsequent ver- 
sions) was ‘Max’. 


pes 


Yak-18U. (RART) 





Span 10.3m (33ft 9%in); length 8.07m (26ft 
5¥%in); wing area 17.0sq m (183sq ft). 

Weight empty (typical) 816kg (1,7991b); fuel 
100kg (220.5Ib); oil 12kg (26.5lb); maximum 
loaded weight 1,120kg (2,4691b). 

Maximum speed 248km/h (154mph); climb 
to 1,000m, 5min (initial rate 3.5m/s); service 
ceiling 4,000m (13,120ft); range 1,015km 
(631 miles); takeoff run 205m (672.5ft); landing 
speed 86km/h (53mph), landing run 270m 
(886ft). 


Yak-18U This Uluchshennyi (im- 
proved) version was flown in 1953, and 
replaced the original aircraft in pro- 
duction at Arsenyev only in 1954-57. 
The principal change was to replace 
the tailwheel by a small steel-tube 
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bumper and install a tricycle under- 
carriage. The nose unit had a long 
shock strut pivoted to a bracket welded 
at the bottom of the engine mounting 
frame, at the front of the lengthened 
forward fuselage. The rear breaker 
strut pulled the leg to the rear to lie 
under the fuselage with part of the 
castoring wheel with a 400 by 130mm 
tyre exposed. The main legs were 
only slightly modified, but the axle was 
now located on the outer side of the 
leg, which was hinged to a trunnion on 
the rear spar and retracted forwards. 
The upper part of the tyre was 
recessed into the wing ahead of the 
front spar, almost the whole wheel 
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remaining in the slipstream (retraction 
being a mere student task). As before, 
all three wheels could be replaced by 
skis, without modification to the air- 
craft. 

For getting aboard, a bent-tube step 
was added behind the wing on the left, 
dihedral of the outer wings was 
increased to 7deg 20', the cowling was 
again altered, the diameter of the front 
opening being greatly increased to 
improve cooling during repeated take- 
offs or towing gliders, and fuel capacity 
was slightly reduced. Further reduc- 
tion in performance was of little 
consequence. Arsenyev produced 960 
of this type. 





Length 8.53m (27ft 11%in). 

Weight empty 970kg (2,138Ib); fuel 94kg 
(2071b); oil 14kg (311b); maximum loaded weight 
1,300kg (2,8661b). 

Maximum speed 235km/h (146mph); climb 
to 1,000m, 6.9min (initial rate 2.4m/s); service 
ceiling 3,400m (11,155ft); range 780km (485 
miles); takeoff run 295m (968ft); landing speed 
and distance, no data. 


Yak-18A This version transformed 
the Yak-18 into a sprightly performer 
by introducing an engine giving 60 
percent more power, as had been 
done with the Yak-12. The Ivchenko 
AI-14R, rated at 260hp, was installed 
in a circular cowling, made in detach- 
able or hinged upper and lower halves, 
with an open front fitted with twenty- 
eight pilot-controlled radial shutters 
and an oblique trailing edge larger in 
width than the fuselage, the gap 
extracting cooling air. The engine 
drove a 2.3m (90.5in) V-530D-35 two- 
blade constant-speed propeller, and 
exhaust was collected in a ring dis- 
charging through two pipes under- 
neath. The oil cooler was relocated in 
the starboard wing root, the airframe 
was locally strengthened, the canopy 
made slightly deeper to give more 
headroom, blind-flying instruments 
made standard, RSIU-3M VHF radio 
made the usual fit (with sloping whip 
antenna), an ARK-5 radio compass 
made an option, the tube intercom 
replaced by a telephone type (this was 
a customer fit on some earlier versions) 
and the span slightly increased. 

The Yak-18A, which according to 
some documents was originally desig- 
nated Yak-20, was in production at 
Arsenyev from 1957 until 1961. The 
total built was 927, more than one- 
third being exported to many coun- 
tries. A further 1,796 were made under 
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A Yak-18A on skis. (RART) 


licence in China. The total number 
built of the Yak-18, Yak-18U and 
Yak-18A was 7,814. 


Span 10.6m (34ft 9%in); length 8.35m (27ft 
44in); wing area 17.8sq m (191.6sq ft). 

Weight empty 1,025kg (2,260lb); fuel/oil 
94kg+14kg as before; maximum loaded weight 
1,316kg (2,9011b). 

Maximum speed 253km/h (157mph); climb 
to 1,000m, 3.4min (initial rate 5.4m/s); service 
ceiling 4,150m (13,615ft); range 710km 
(441 miles); takeoff run 215m (705ft); landing 
speed 89km/h (55mph), landing run 250m 
(820ft). 


Yak-18P After the Second World 
War the annual Lockheed (UK Auto- 
motive Products) aerobatic trophy 
became the world championships for 
the sport. In 1956 the British writer 
John Fricker tested a Yak-18 of the 
original kind and suggested that, if 
entered for this trophy, it ought to win. 
Yakovlev at once began painstaking 
development of a special aerobatic 
version, the Yak-18P (Pilotazhnyi). 
The assigned chief engineer was V G 
Tsvelovy. 

This was based on the Yak-18A, but 
with a single-seat cockpit. With vet- 
eran Anokhin as test pilot, the OKB 
spent three years investigating the best 
position for this, and arguing over 
other features. At last in 1959 several 
were built for competition. All had a 
new main undercarriage, with pneu- 
matic retraction inwards with the 
wheels housed between the spars in 
the fuselage with D1 doors fairing the 
leg and wheel. The ailerons were 
increased in span, the fuel and oil 
systems modified to permit five min- 





utes of negative-g flight at any power 
setting, and the capacity of the tanks 
reduced. 

The Yak-18P made its debut at the 
1960 championships, with the cockpit 
in the forward position and covered by 
a one-piece bubble canopy. In 1961-62 
Arsenyev produced 125 of this type, 
many for export. At the 1962 champi- 
onships four aircraft gained 2nd, 7th, 
9th and 10th places, and in 1964 
Yak-18Ps with vertical tails of 
increased chord, and stressed to 
+9/—6g, gained 4th, 5th, 6th and 7th 
places, while the Soviet Women’s 
Team gained Ist, 2nd, 3rd and 4th 
positions. 


Dimensions as Yak-18A. 

Weight empty 818kg (1,803Ib); fuel 50kg 
(1101b); maximum loaded weight 1,065kg 
(2,3481b). 

Maximum speed 275km/h (171mph); climb 
to 1,000m, 2.7min (initial rate 8.6m/s); service 
ceiling 6,500m (21,325ft); range 420km (261 
miles); takeoff run 140m (459ft); landing speed 
76km/h (47mph), landing run 130m (426.5ft). 


Yak-18PM In 1965 the OKB tested 
this improved aerobatic version. 
Though the chief engineer was the 
founder’s elder son, S A Yakovlev, 
partnered by V L Prishkol’nik, the 
actual design was made by very young 
engineers, and for the first time the 
OKB showed the aerobatic community 
what might be achieved. The engine 
was the 300hp AI-14RE} driving a 
broad-blade V-530D-25  constant- 
speed propeller. The cockpit was com- 
pletely rethought, being not merely 
moved to the rear but to a location 
















































































ees (Yefim Gordon Archive) 





Upper side view, plan and inset front view, Yak-18PM; lower side view, Sront and inset plan, Yak- 








1.2m (47%in) further back, even 
behind the original instructor posi- 
tion. The outer wings were redesigned 
with slightly greater area, increased 
strength, square tips and with dihedral 
reduced to only 2deg. The split flap 
was replaced by a 3sq m (32sq ft) air- 
brake opened in 0.2 sec to 80deg by a 
powerful ram, and minor modifica- 
tions were made throughout the air- 
craft. The resulting aircraft had its 


centre of gravity moved back from 
20 percent to 26 percent mean chord 
giving near-unstable agility. 

Five production Yak-18P aircraft 
were rebuilt to this standard, in the 
OKB and at a special DOSAAF work- 
shop, for the 1966 championships. 
Testing by chief pilot V S Kirsanov was 
completed in early 1966, and at the 
championships later that year this air- 
craft was flown by the Soviet team to a 
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decisive victory. Arsenyev built twenty- 
five Yak-18PM aircraft in 1970-71. 





Wing area 17.9sq m (192.7sq ft). 

Weight empty 825kg (1,819Ib); fuel 
unchanged; maximum loaded weight 1,100kg 
(2,4251b). 

Maximum speed 315km/h (196mph); climb 
to 1,000m, 1.7min (initial rate 10m/s); service 
ceiling 7,000m (22,966ft); range 400km (248.5 
miles); takeoff and landing unchanged. 


Yak-18PS This aerobatic version 
appeared in 1970. It was essentially a 
lightweight PM with the original 
Yak-18 tailwheel-type undercarriage 
and without an airbrake. Chief engin- 
eer was Yu I Yankevich, and test pilot 
Yu V Petroy. The prototype was flown 
by I Yegorov in the 1970 contest. 
The PS remained a prototype, but 
led direct to the Yak-50 described later. 
Data have not been published, except 
for a loaded weight of 980kg 
(2,160.51b) and initial climb of 12m/s. 


Yak-18T Though in most respects a 
completely different aircraft, this four- 
seater was given a ‘Yak-18’ desig- 
nation, and though designed in 
1965-66 it remains a staple product 
of Yakovlev corporation thirty years 
later. The chief engineers were S A 
Yakovlev and S V Neunyloy, and chief 
pilot V Petrov. The requirement was 
for the GVF (civil aviation), to serve 
as a primary and advanced trainer, 
including blind flying and use of radio, 
transport for three passengers and 
baggage or 250kg (5511b) of cargo or 





Yak-18P. (John Blake via RART) 
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Yak-18T. (RART) 





Yak-18PS. (RART) 
































Yak-18T. (Yefim Gordon Archive) 











mail, and as an ambulance with provi- 
sion for a stretcher and attendant. 
Design load factors were +5/-2.5. 

The wing had a centre section 
extended in span by the wider fuselage 
from 2.5 to 2.706m (106.5in), but oth- 
erwise was based on the Yak-18A. The 
fuselage was not merely wider but 
totally redesigned, the welded-tube 
truss being eliminated and replaced by 
D1 stressed-skin, semi-monocoque 
structure, much of the rear fuselage 
being spot-welded. Though based on 
that of the Yak-18PM, the under- 
carriage was considerably modified, 
with greater strength, longer stroke 
nitrogen/oleo shock struts, more pow- 
erful and smoother differential brakes, 
longer-life tyres (still 500 by 150 and 
400 by 130mm) and with all three units 
able to retract completely. 

In the prototype the installation 
of the engine, oil cooler and propeller 
were very similar to those in the 
Yak-18PM. The fuel system was re- 
designed, with a 104-litre (22.9gal) 
tank between the spars outboard of 
each main undercarriage. The oil tank 
was enlarged to 28 litres (6.2gal). The 
cabin, accessed by a transverse ladder 
on the trailing edge and a wide door on 
each side, was comfortably furnished 
for each role. The standard scheme 
had a full-width panel and dual con- 


trol with ram’s horn wheels. At the 
back a two-seat divan could be 
removed for cargo or a stretcher. To 
the rear was provided a baggage hold 
accessible from the cabin or via a large 
door on the left. 

The white-painted prototype first 
flew in 1967, and was exhibited at that 
year’s Paris Salon. Petrov, assisted by 
G A Taran, tested it exhaustively, the 
production standard not being agreed 
until 1973. The series aircraft was 
powered by the 360hp AI-14P engine 
driving a V-530TA-D35 propeller, and 
had several important modifications. 
Equipment included full blind-flying 
and night equipment, including a 
fin-tip rotating beacon, VHF (in mili- 
tary and later civil versions, UHF) 
radio, radio compass, radar altimeter, 
and in commercial versions ILS, 
VOR/DME and flight recorder. 

Production was assigned to 
Smolensk. A sprinkling of early ver- 
sions were equipped for military, fire 
patrol and photographic duties, but 
the ambulance version (tested in 1977, 
chief engineer R N Pirogova) was not 
built in series. Individual examples 
were fitted with skis and _ floats. 
Smolensk delivered 537 aircraft in 
1973-82. In 1991 the OKB decided 
that Konversiya called for this excellent 
aircraft to be marketed afresh. One 
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team flew a Yak-18T to Seattle and 
back and another flew to Australia and 
back. Small numbers are now finding 
markets in various countries. 


Span 11.16m (36ft 74in); length 8.39m (27ft 
64in); wing area 18.8sq m (202.4sq ft). 

Weight empty (typical) 1,202kg (2,6501b); fuel 
150kg (3301b); oil 25kg (551b); maximum loaded 
weight 1,650kg (3,637Ib). 

Maximum speed 295km/h (183mph); cruis- 
ing speed 250km/h (155mph); climb to 1,000m, 
3.1lmin (initial rate 5.0m/s); service ceiling 
4,500m (14,765 ft); range 550km (342 miles); 
takeoff run 400m (1,312ft); landing speed 
100km/h (62mph), landing run 500m (1,640ft). 





Yak-19 





In spring 1946 Yakovlev authorized the 
design of a totally new jet fighter, moy- 
ing on from the ‘step’ layout to have a 
‘straight through’ engine installation 
with the propulsive nozzle at the tail. 
This was also the first aircraft designed 
at the OKB as an all-metal, stressed- 
skin structure from the outset. It was 
also the first to have flush-riveted skin, 
the first to have a hydraulic system 
and one of the first Soviet aircraft to 
fly with an afterburning turbojet (the 
Lavochkin La-156 was first). This 
afterburner was developed mainly at 
the Central Institute of Aviation 
Motors and naturally resulted in a 
swollen jetpipe containing rings of fuel 
injectors. The nozzle area and profile 
were varied by two hydraulically- 
operated rams. With maximum after- 
burner in operation the thrust of the 
RD-10F at sea level was increased to 


1,100kg (2,425lb). 
With this aircraft Yakovlev had to 
depart not only from traditional 


structure but also from his favourite 
Clark YH profile. Instead he chose 
CAHI ‘laminar’ sections, S-1—12 at the 
root, changing to KV-3-—12 at the tip, 
both 12 percent thick. The wing was 
constructed in one piece, mounted in 
the low/mid position with 3.5deg 
dihedral. It had two spars with booms 
of 30KhGSA steel, pressed-sheet ribs, 
flush-riveted skin of 1.2—1.8mm thick- 
ness, one-piece metal-skinned Frise 
ailerons operated manually by rods 
and levers, and hydraulically-operated 
slotted CAHI flaps. 

The barrel-like fuselage was a simple 
semi-monocoque with channelsection 
frames and stringers supporting skin of 
0.8-1.8mm thickness. The engine duct 
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was bifurcated to pass on each side of 
the cockpit, which for the first time 
could be in the nose, and then curved 
over the wing. Behind the wing was 
a double frame where bolted joints 
permitted the rear fuselage and tail to 
be removed for access to the engine. 
The tall fin was made integral with 
the fuselage and carried the fixed 
symmetric-profile tailplane _ nearly 
half-way up. Behind the fin/tailplane 
junction wasa fixed cruciform, without 
a bullet fairing, separating the upper 
and lower rudders, operated by cables, 
and the left and right rod-operated 
elevators. All had metal skins and mass 
balances, but only the elevators had 
tabs. Area of the vertical tail was 2.03sq 
m (21.85sq ft) and the horizontal tail 
hada span of 4.44m (14ft 6%in) and area 
of 3.0sq m (32.3sq ft). 

The pneumatically operated under- 
carriage comprised three nitrogen/ 
oleo shock struts each with a levered- 
suspension wheel multiplying the 
effective stroke. The main legs were 
hinged behind the main spar and 
retracted inwards, the wheels and 570 
by 135mm tyres being housed in the 
fuselage, faired by curved doors. The 
castoring nose unit had a tyre 375 
by 135mm and retracted forwards 
between the engine ducts, faired by 
two doors. 

Two fuselage tanks provided 815 
litres (179.3gal) fuel, and 11 litres of 
petrol was carried for the starter 
engine and to assist ignition of the 
afterburner. Afterburner main fuel 
was supplied by a separate electrically 


Yak-19-II, (RART) 
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Yak-19-I1; upper side view, Yak-19-I. (OKB) 














driven pump. The oil tank capacity 
was 14 litres (3gal). The cockpit was 
unpressurized but was fitted with a 
primitive cordite-powered ejection 
seat. Like the wartime fighters the 
windscreen was a stout metal structure 
with a bulletproof front pane. Behind 
was a one-piece teardrop canopy slid- 
ing to the rear. RSIU-6 radio was fit- 
ted, with the wire antenna running 
from the fin through an aperture in the 


back of the canopy. Armament com- 
prised two Shpital’nyi Sh-23 guns, 
each with either 70 or, with tight pack- 
ing, 75 rounds of 23mm. 

Two prototypes were built, both un- 
painted, and they were only fraction- 
ally heavier than the Yak-15 and -17. 
The first, with callsign Yellow 24, had 
the number 5 on the lower rudder. The 
OKB pilot assigned to the Yak-19 was 
M I Ivanoy, and he began flight testing 
























































Yak-20-1; lower side view, with wing removed, Yak-20-2. (Yefim Gordon Archive) 





at the beginning of 1947. It was soon 
clear that handling was good, that all 
normal aerobatics and inverted flight 
were possible, and that the aircraft was 
suitable for pilots with intermediate 
qualifications. The worst shortcoming 
was that the afterburner slightly 
reduced dry thrust, and to use it 
involved a complicated and_ totally 
unreliable procedure which would 
have been useless in combat. 

The second Yak-19, callsign Yellow 
25, had the number 2 on the lower 





Yak-20-1. (OKB) 





rudder. It had 4deg dihedral on the 
tailplane, and 200-litre (44gal) fuel 
tanks hung under the wingtips as in 
the Yak-17. The Western claim that 
this aircraft was ‘hurriedly fitted with 
a Rolls-Royce Derwent’ is without 
foundation. The first prototype was 
later modified with a square-topped 
rudder. S N Anokhin was the pilot on 
NII-VVS testing, completed on 21 
August 1947. He confirmed the good 
handling, but commented that the 
engine was basically outdated, weak 
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and unreliable. The USAF called the 
Yak-19 “Type 7’, but there is no record 
of an ASCC name being allocated. 





Span 8.7m (28ft 6%4in); length 8.36m (27ft 
5'sin); wing area 13.56sq m (146sq ft). 

Weight empty 2,192kg (4,832Ib); fuel 658kg 
(1,451lb) internal, 937kg (2,066lb) with tip 
tanks; oil 13kg (28.71b); maximum loaded weight 
(Yak-19-I) 3,050kg (6,724Ib),  (Yak-19-IT) 
3,350kg (7,385Ib). 

Performance in dry thrust: maximum speed 
780km/h (484.7mph); climb to 5,000m, 7.7min; 
service ceiling 12,100m (39,700ft); range (Yak- 
19-1) 550km (342 miles), (Yak-19-II) 895km (556 
miles); landing speed 180km/h (112mph), land- 
ing run 520m (1,706ft). 

Performance with afterburner: maximum 
speed 907km/h (563.6mph) at 5,250m 
(17,224ft); climb to 5,000m, 3.9min; service 
ceiling 14,700m (48,228ft); takeoff run 550m 
(1,805ft). 








Yak-20 








In 1949 the OKB designed this 
extremely attractive little side-by-side 
two-seater. The design objectives were 
to produce the cheapest modern air- 
craft that could serve as a useful pilot 
trainer and aerobatic sporting aircraft. 
The structure was essentially all-metal, 
and the engine was the newly developed 
Ivchenko AI-10 five-cylinder radial, 
rated at 80hp, driving a V-515 control- 
lable-pitch counterweight-type pro- 
peller. 

The simple wing had a single plate 
spar and pressed-sheet webs, with D1 
skin to the spar and fabric to the rear. 
It was fitted with one-piece slotted 
Frise ailerons operated by rods and 
levers 17deg down and 20deg up, and 
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slotted flaps lowered manually to 
18deg for takeoff and 32deg for land- 
ing. The fuselage was based on a 
welded-steel truss, covered in D1 to 
the rear of the cockpit and fabric aft. 
The tail was D1 with fabric covering 
except over the leading edges. The fin 
and rudder of the Yak-20-2 (see illus- 
tration p.138) were smaller and more 
rounded than those of the first aircraft. 
All control surfaces had simple 
ground-adjustable trim tabs. 

The three units of the undercarriage 
were simple steel tubes pivoted to the 
fuselage, with shock absorption by 
rubber bungees. The mainwheels had 
drum brakes pulled on by Bowden 
cables, and 500 by 150mm tyres. The 
tailwheel tyre size was 200 by 80mm. 
Fuel was carried in two 35-litre 
(7.7gal) tanks ahead of the spar in the 
wing roots. The oil cooler was under 
the engine cowling, which was made 
in upper and lower clamshells. The 
cockpit had a sliding bubble canopy, 
dual stick-type controls, a central 
push/pull throttle and gyro instru- 
ments served by a large venturi under 
the belly and a small one on the right 
side. The pitot was on the port 
wingtip. 

The two Yak-20s were tested by 
Anokhin and by Georgii Shiyanov, and 
later by DOSAAF pilots and a succes- 
sion of ‘air sportsmen’. It proved fully 
aerobatic with two heavy pilots, and 
was considered delightful to fly, but 
the engine never went into production. 
No ASCC name was alotted, because 
the aircraft remained unknown until 
the late 1970s. 
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Span 9.56m (31ft 4%in); length 7.06m (23ft 
2in); wing area 15.0sq m (161.5sq ft). 

Weight empty 470kg (1,036lb); fuel 50kg 
(1101b); oil 10kg (221b); maximum loaded weight 
700kg (1,5431b). 

Maximum speed 160km/h (99mph) at sea 
level; cruising speed 142km/h (88mph); climb 
to 1,000m, 9.8min; service ceiling 3,000m 
(9,850ft); range 400km (249 miles); takeoff run 
295m (968ft); landing speed 60km/h (37mph), 
landing run 180m (591 ft). 








Yak-21 








This designation was allocated to the 
tandem, dual-control, trainer version 
of the Yak-15. The pupil’s cockpit was 
added in front of the original cockpit, 
and a new streamlined canopy was 
designed to cover both, with a separate 
sideways-hinged hood for each cock- 
pit. To make room for the front cock- 
pit the guns were removed, and the 
Yak-21 was unarmed. Fuel capacity 
was unaltered. The single prototype 
had callsign 101, believed in Yellow, 
and a capital V (looking like B in 
Russian) was painted on the rudder. 
Flight testing began in May 1947, but 
by this time it had been decided to 
build the Yak-17UTI with a nosewheel 
undercarriage. 








Yak-23 








Simple arithmetic showed Yakovlev 
that it would never be possible to pro- 
duce a competitive fighter powered by 
a single RD-10 engine, even with an 
afterburner. Salvation lay in the amaz- 
ing decision of the British government 
in September 1946 to ship the latest 
and most powerful British engines, the 
Rolls-Royce Nene and Derwent, to 
Moscow. Soon crates arrived contain- 
ing twenty-five Nenes and_ thirty 
Derwents, and Vladimir Klimov 
— who had powered almost every 
Yakovlev piston-engined fighter — 
stopped trying to copy the Nene and 
quickly ‘reverse-engineered’ - this 
world-beating engine and put it into 
production. 

Rated at 3,500Ib (1,588kg) thrust, 
the smaller Derwent V was not con- 
sidered of such importance, but 
Yakovlev instantly saw it as a bolt-on 
replacement for the outdated German 
engine. He was accordingly allocated 
several Derwents, and even before 
these arrived, in late 1946, he was 
scheming how best to use it. It had the 
inestimable advantages of being simple 
to install, simple to operate and com- 
pletely reliable, with a time between 
overhauls of 500 hours. After studying 
a Derwent Yak-19 he decided to build 
a modernized ‘step’ type fighter, using 
as many parts of the Yak-19 as possible 
but with a new fuselage containing the 
Derwent ahead of the wing. 





Yak-21, in some documents called Yak-21T or Yak-15UTI. (RART) 
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Yak-23 
































Led by chief engineer V V 
Shelepchikov, the design proceeded 
rapidly. The wing and undercarriage 
were essentially identical to those of 
the Yak-19. The fuselage was new, and 
like the Yak-19 had no steel-tube truss 
but was a stressed-skin, semi-mono- 
coque. The engine, having a double- 
sided centrifugal compressor, was 
installed in an airtight plenum cham- 
ber forming the forward fuselage, and 
was totally exposed by removing the 
complete nose ahead of a diagonal 
frame. The detachable nose included 
the blast tubes over the guns and a 
short bifurcation of the duct which at 
the top housed the combat camera and 
landing light and at the bottom was 
widened to house the retracted nose- 
wheel. 

The stressed-skin tail somewhat 
resembled that of the Yak-19—2, but 
with fin chord increased to enable the 
cable-operated rudder to be made in 
one piece, with the elevators cut away 


The Yak-23 prototype. (OKB) 
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at the roots. Shavrov gives the area of 
the vertical tail as only 1.64sq m (much 
less than that of the Yak-19) which is 
puzzling. Set at Odeg 30! incidence, the 
tailplane had the same dihedral as the 
Yak-19, and the elevators similar 
rod/bellcrank drive and screwjack 
trim tabs, total area hardly changing at 
2.96sq m (318.6sq ft). 

A total of 920 litres (202.4 gal) of fuel 
was housed in protected fuselage 
tanks, augmented by the standard 200- 
litre tip tanks. The engine oil tank 
capacity was 12.5 litres (2%gal). The 
unpressurized cockpit had a wind- 
screen 57mm (2%in) thick, low-drag 
sliding canopy, and the same type of 
cordite-powered ejection seat as the 
Yak-19, with 8mm back armour. In the 
upper part of the rear fuselage were 
oxygen bottles, an RPKO-10M radio 
compass and RSIU-6 radio with wire 
antennas stretched to the tips of the fin 
and tailplanes. Armament comprised 
two of the new NR-23 guns, with 90 
rounds each. 

The prototype was flown by Ivanov 
on 17 June 1947. Few modifications 
were needed, the only visible ones 
being to adjust the fairing round the 
jet nozzle and replace the lower part of 
the rudder by a fixed end to the fuse- 
lage. Factory tests were finished in 
September 1947, and then extremely 
successful NII-VVS evaluation was 
completed by Stefanovskii and G A 
Sedoy. Production was ordered from 
Tbilisi, but production Derwent en- 
gines, ‘Sovietized’ by Vladimir M 
Yakovlev (no relation) as the RD-500 





The Yak-23UTI-IT. (OKB) 
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From the top: Yak-23UTI, Yak-23UTI-II and Yak-23UTI-III modified. (Yefim Gordon 


Archive) 














(designated from the production fac- 
tory number), did not become available 
until February 1949. The Tbilisi fac- 
tory was then able to go into produc- 
tion, the total output of the series 
version being 310 aircraft. 

The Yak-23 was not in the same 
class as the bigger and faster MiG-15, 
but it could outclimb the Mikoyan air- 


craft and turn inside it, and was con- 
sidered better able to operate from 
unpaved airstrips. It saw only limited 
service with the VVS, but equipped 
regiments in Czechoslovakia (with the 
local designation S-101), Poland, 
Romania, Hungary and _ Bulgaria. 
On 21 November 1957 a Polish civil- 
registered Yak-23, flown by A A 








Working model of first helicopter project, called 115 from Yak factory number. (OKB) 


Ablamovich, set class records by 
climbing to 3,000m in 119 seconds, 
and to 6,000m in 197. The Yakovlev 
OKB received two State Prizes (large 
monetary awards) for the ‘step’ family 
of Yak-15, -17 and -23. The USAF 
called this fighter “Type 28’, later 
replaced by the ASCC name ‘Flora’. 


Span 8.7m (28ft 6%in); length 8.13m (26ft 
8in); wing area 13.5sq m (145sq ft). 

Weight empty 1,990kg (4,3871b); fuel 750kg 
(1,653lb) internal, 1,077kg (2,374Ib) with tip 
tanks; oil 12kg (26.51b); maximum loaded weight 
(prototype) 2,900kg (6,393lb), (production) 
3,036kg (6,693lb), with tip tanks (prototype) 


3,250kg (7,165Ib), (production) —3,389kg 
(7,4711b). 
Maximum speed (prototype) 932km/h 


(579mph) at sea level, (production) 925km/h 
(575mph) at sea level; climb to 1,000m, 2.3min 
(initial rate 41m/s), to 10,000m, 6.2min; service 
ceiling (prototype) 15,000m (49,21 5ft), (produc- 
tion) 14,800m (48,600ft); range (production, 
with tip tanks) 1,030km (640 miles); takeoff run 
(prototype) 400m (1,312ft), (production) 440m 
(1,444 ft); landing speed 157km/h (97.5mph), 
landing run (prototype) 485m (1,591ft), (pro- 
duction) 650m (2,133ft). 


Yak-23UTI It was obvious that a 
dual-control trainer version would be 
possible, and the prototype, with call- 
sign ‘50’, was produced in 1949. This 
simply added an instructor cockpit 
behind the original cockpit, and thus 
unusually close to the tail. The wind- 
screen was made higher and less 
steeply inclined, and the cockpits were 
covered by separate canopies hinged to 
the right. This aircraft was only 
slightly modified into an export ver- 
sion, called the Yak-23DC, meaning 
dual-control, of which a small series 
was supplied to the Romanian air force. 


Yak-23UTI-II This simple conver- 
sion of a fighter had several shortcom- 
ings, and the Yakovlev OKB decided to 
effect a properly designed aircraft. 
The Yak-23UTI-II was the original 
prototype modified, the fuselage being 
lengthened by 200mm (7.9in), and the 
cockpits for pupil and instructor being 
located symmetrically above the wing 
as in the Yak-17UTI. This reduced 
internal fuel capacity to only 660 litres 
(145gal). The height of the fin was 
increased, the instructor’s canopy was 
bulged slightly at the sides, the pupil 
had a periscope above the windscreen, 
and armament comprised a single UB 
on the left side of the nose with 100 
rounds. 


Yak-23UTI-III In its final form the 
same prototype had tip tanks added, 
and the instructor’s canopy bulged not 
only at the sides but also above. It was 
also fitted with dual RV-1 radar alti- 
meters, with antennas under the 
port wing and tailplane. In this form 
the aircraft was factory-tested by 
Klimushkin in late 1950. These trainer 
versions appear not to have been 
noticed by the ASCC, because no 
reporting name is known. Data (where 
different) for the Yak-23UTL-III: 





Length 8.33m (27ft 4in). 

Weight empty 2,220kg (4,894Ib); fuel 530kg 
(1,168lb) internal, 850kg (1,874Ib) with tip 
tanks; oil 11kg (24/lb); loaded weight 2,950kg 
(6,504Ib), (with tip tanks) 3,300kg (7,275Ib). 

Maximum speed 816km/h (507mph) at sea 
level, 850km/h (528mph) at 5,000m; climb to 
5,000m, 2.5min; service ceiling 14,000m 
(45,932ft). 


Sh (Yak-M11FR-1) = 123 





Sh (Yak-M11FR-1) 





Also said to have been called EG 
(Eksperimentalnyi Gelikopter), and 
widely known as the Yak-M11FR-1, 
this was the OKB’s first essay into 
the field of helicopters, in 1946. The 
chief engineer was S A Bemoy, assisted 
by I A Erlikh. From the outset it 
was planned as the smallest practi- 
cal machine to solve basic problems. 
The engine was a 140hp M-11FR-1 
mounted in the normal attitude with 
the drive taken through a cooling 
fan and centrifugal clutch to a 90deg 
bevel gearbox to co-axial vertical 
shafts. These turned two-blade rotors 
in opposite directions, at 233 rpm. 
After studying the possible use of 
pilot-controlled tabs or auxiliary sur- 
faces behind the blade tips the choice 
wisely fell on a fully articulated hub 
with swashplates giving collective 
and cyclic pitch control. A unique 
feature was a spring-loaded hydraulic 
coupling which, upon failure of the 
drive torque, automatically moved the 
collective linkage to autorotative pitch. 

The rotor blades were laminated 
pine and hardwood, covered in glued 
fabric, held in a hub of steel and Dura- 
lumin. The fuselage was a simple truss 
of welded steel tube, with D1 skin as 
far back as the rear of the engine com- 
partment, where an aft-facing gap 
allowed fan-induced cooling air to 
escape. The fuel tank was under the 
main gearbox and the oil tank next to 
the engine. For better stability in cruis- 
ing flight a light fabric-covered rear 
fuselage with twin fins and a tailskid 
was added behind this point. The 
welded truss was extended at the front 
and sides to three vertical shock struts 
with single wheels, the nose unit 
having levered suspension. Track was 
2.8m (110in) and wheelbase 2.68m 
(105.5in). The side-by-side cockpit 
had a door on each side and the largest 
possible window area. 

The Sh was completed in early 
1947. The chief pilot was V V Teza- 
vrovskii, who with others made forty 
tethered tests (total 5hr) followed by 
seventy-five free flights (total 15hr). 
Ground resonance, then little known, 
was avoided by pure chance. The 
centre of gravity was clearly too far 
aft, so the tail (and for a time the tail- 
skid) were removed and the oil tank 


124 YAKOVLEV AIRCRAFT SINCE 1924 


[ 




















Sh experimental helicopter cutaway. (OKB) 

















Sh experimental helicopter. 











Sh (Yak-M11FR-1) = 125 





Sh at Yakovlev factory. (OKB) 














Yak-100. 
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relocated behind the cockpit bulkhead 
(see section drawing). Eventually the 
Sh hovered under good control, but as 
soon as forward speed exceeded about 
30km/h vibration and progressive loss 
of control were encountered, and this 
configuration was abandoned. 





Rotor diameter 10m (32ft 9%in); length of 
fuselage 6.53m (21 ft 5in). 

Weight empty 878kg (1,936lb); maximum 
loaded weight 1,020kg (2,2491b). 

Maximum speed est 150km/h (93mph), the 
highest actual speed reached being about 
70km/h, beyond which stick forces could not be 
held; estimated hovering ceiling is given as 250m 
(820ft) and ceiling in forward flight as 2,700m 
(8,858ft), but testing never actually exceeded 
180m; range est 235km (146 miles), based on the 
unattainable cruising speed of 120km/h. 








Yak-100 








Having learned a great deal with the 
Sh, Yakovlev ordered the develop- 
ment of a practical helicopter capable 
of being built in two forms, as a trans- 
port carrying a pilot and two passen- 
gers, or equivalent cargo, and as a 
two-seat, dual-control trainer. Design 
began in June 1947, this machine being 
one of several which were given out- 
of-sequence type numbers (others 
included the Yak-200 and Yak-1000). 
The Yak-100 appeared to be a copy of 
the Sikorsky S-51, but Yakovlev said 
that the resemblance was superficial. 

The engine was Ivchyenko’s AI-26 
seven-cylinder radial, the version 
chosen being the 575hp AI-26GRFL 
designed to operate with crankshaft 
vertical. This drove via a cooling fan 
and centrifugal clutch to a main gear- 
box which turned the single main rotor 
at 232 (not 233) rpm, with a bevel drive 
toa shaft carried on external trunnions 
along the top of the long tail boom to 
a 2.6m (102.4in) three-blade tail rotor. 
The latter counteracted the main- 
rotor drive torque and provided yaw 
(directional) control, driven by pedals. 
Both rotors were again of fabric- 
skinned wood laminates, the main 
rotor having manual control via swash- 
plates, with spring-loaded automatic 
autorotative control following loss of 
drive torque. 

The fuselage was again based on a 
welded-tube truss, with unstressed D1 
skin, but the tail boom was a D1 semi- 
monocoque. The main gearbox was 
housed in a large mast fairing above 
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Experimental helicopter in flight. (OKB) 


the engine compartment, with a front 
air inlet for the fan-assisted oil cooler. 
Again the undercarriage was a simple 
tricycle, with a castoring levered- 
suspension nosewheel and triangular- 
braced main units with oleo shock 
struts pinned to the upper longerons. 
Track was 3m (118in) and wheelbase 
2.865m (112.8in). The entire front of 
the fuselage was transparent, with slid- 
ing doors on the right for the pilot and 
on the left for the backseater (who had 
dual control in the first prototype). 
The transport version was to have a 
two-seat divan at the rear. 

The first prototype was tested from 
November 1948. Gradually problems 
with vibration and flutter were solved, 
and a second prototype was built with 
modified blades with the cg behind 
the flexural axis which greatly im- 
proved behaviour without complicated 


damper systems. This dubler, first 
flown in July 1949, had a more -fully 
enclosed engine bay with grilled 
panels and an internally mounted tail- 
rotor drive shaft. NII-VVS testing 
took place in the second half of 1950. 
According to the OKB the test team 
and a State commission recommended 
series production, ‘but the govern- 
ment decided on the Mi-1’. No ASCC 


name is known. 





Main-rotor diameter 14.5m (47ft 6%in); 
length of fuselage (including tail rotor) 13.91m 
(45ft 7%4in); distance between rotor axes 9.06m 
(29ft 8%in). 

Weight empty (1) 1,690kg (3,726lb), (2) 
1,805kg (3,979Ib); fuel 80kg (176lb); oil 14kg 
(311b); maximum loaded weight (1) 2,090kg 
(4,607.51b), (2) 2,180kg (4,8061b). 

Maximum speed 170km/h (105.6mph); ceil- 
ing (hover) 2,720m (8,924ft), (forward flight) 
5,250m (17,224 ft); range 325km (202 miles). 





Yak-100 hovering. (Petrov collection via RART) 





Yak-25 





Having in January 1947 been sent 
several Rolls-Royce Derwent turbo- 
jets, it was logical for Yakovlev to use 
them to power comparative fighters, 
one (Yak-23) using the ‘step’ con- 
figuration and the other (Yak-25) 
the ‘straight-through’ layout which 
he had already employed in the 
Yak-19. Though the Yak-25 placed 
the centrifugal-compressor engine in a 
plenum chamber just behind the 
wing, the cross-section of the fuselage 
had an area of 1.4sq m, compared 
with 1.48sq m for the Yak-23. The 
Yak-25 broke new ground in using 
hydraulic power throughout and in 
having a sweptback tail and pressur- 
ized cockpit. 

The wing was closely similar to that 
of the Yak-19 and Yak-23, but frac- 
tionally larger, and it was significantly 
thinner with aerofoil profile S-9S-9 at 
the root modified to K V-4—9 at the tip, 
the thickness/chord ratio being 9 per- 
cent throughout. To provide enough 
depth in this thinner wing for the 
retracted main undercarriage legs the 
root chord was sharply increased at the 
leading edge. The two spars had 
T-booms machined from 30KhGSA 
chrome steel and webs of V-95. Dihe- 
dral, measured on the upper surface, 
was zero, but incidence was ldeg as 
usual with early Yak jets. The ailerons 
were for the first time hydraulically 
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Yak-25 with tip tanks. 


boosted, and though they are shown in 
a three-view drawing as having small 
tabs behind the trailing edge these 
do not appear in photographs. Inboard 
were CAHI slotted flaps lowered 
hydraulically to 25deg for takeoff and 
55deg for landing. 

The fuselage was generally similar 
to that of the Yak-19, though with 
a different non-circular cross-section 
1.36m (53%in) wide and 1.34m 
(52%in) high. A double bulkhead 
just behind the wing enabled the 
complete rear fuselage to be removed 
to give access to the engine, and 
especially for changing engines. The 
engine was a Rolls-Royce Derwent V, 








rated at 3,500Ib (1,588kg) thrust, 
with an electric starter and 12.5-litre 
oil tank. Internal fuel capacity was 
875 litres (192.5gal), supplemented by 
the standard 200-litre detachable tip 
tanks. 

The fin was swept back at 40deg 
on the leading edge, the area of the fin 
and rudder together being 2.12sq m 
(22.8sq ft). The lower rudder had 
a separate electro-hydraulic power 
unit which could split it open into 
left/right halves serving as an airbrake. 
This was triggered automatically by a 
dangerous rise in dynamic pressure 
sensed by the pitot/static system. The 
two-spar fin carried the fixed two-spar 





Yak-25E. (Yefim Gordon Archive) 


128 


tailplane about 1m above the fuselage. 
Leading-edge sweep of the horizontal 
tail was 35deg (Shavrov’s 45deg is 
erroneous), and total area with the 
hydraulically boosted tabbed elevators 
was 3sq m (32.3sq ft). The undercar- 
riage was very similar to that of the 
Yak-19. 

The cockpit closely resembled that 
of earlier Yakovlev jets, but was pres- 
surized by an air-cycle system based 
on engine bleed. It had an aft-sliding 
powered canopy, 57mm-thick wind- 
screen and 8mm back armour behind 
the improved ejection seat which had 
a longer-stroke gun and leg restraints. 
Armament comprised three NR-23 
guns, each with 75 rounds. 

The Yak-25-I was given callsign 
(yellow) 15, and had a number 2 
painted on the airbrake rudder. It 
was put through factory testing by 
Anokhin between 31 October 1947 
and 3 July 1948. The Yak-25-II, with 
callsign 55, differed only in minor 
respects, such as an increase in the 
chord of the split-rudder airbrake, 
which again had number 2 painted on 
it. Everyone who flew the Yak-25 was 
enthusiastic, its performance being 
exceptional for a straight-wing aircraft 
of 1947, combined with excellent rate 
of roll and turn radius, and inbuilt 
resistance to spinning. Unfortunately 
for Yakovlev, the swept-wing MiG- 
15 had superior performance, and 
Yakovlev was never again to create a 
single-engined fighter superior to the 
rival Mikoyan aircraft (neither indeed 
was Lavochkin). 

According to Ing V Kondrat’yey, in 
1948 one Yak-25 was used as a testbed 
for ‘a fixed zero-track undercarriage’. 
Such an undercarriage was designed 
from the outset for the Yak-50, and for 
the big twin-engined Yak-120 inter- 
ceptor which received the service des- 
ignation of Yak-25, though it was 
unrelated to the original Yak-25. 


Yak-25E The Yak-25E (Eksperimen- 
tal’nyi) was the Yak-25-I modified. 
In response to a proposal by the 
headquarters of Long-Range Aviation, 
the Yakovlev OKB developed a system 
to enable the Tupolev Tu-4 strate- 
gic bomber to tow short-ranged jet 
fighters, such as the Yak-25 and 
MiG-15bis. The system was code- 
named Burlaki (barge hauler). 

The Tu-4 was fitted with a towing 
winch from which deployed a cable 
with a special connector on the end. 
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From the nose of the fighter projected 
a long tube with a harpoon-type con- 
nector on the end. After takeoff, the 
fighter pilot steered this harpoon into 
the coupling on the end of the towing 
cable. The fighter pilot then shut down 
his engine, the fighter thereafter being 
towed as a glider. If enemy fighters 
attacked, the Yak-25E pilot would start 
his engine, disconnect from the towing 
cable and engage combat. 

The system was tested, but was not 
adopted. A major reason for its rejec- 
tion was that not every pilot could sit 
for many hours wearing an oxygen 
mask in a cockpit without heating or 
pressurization. Worse, after air com- 
bat, the fighter had little hope of 
regaining friendly territory — let alone 
its own base — unless it could find a 
Tu-4 and hook on. 

Surprisingly, the Yak-25 never 
received a ‘USAF type number’ or an 
ASCC reporting name. 





Span 8.88m (29ft 1%in); length 8.66m (28ft 
Sin); wing area 14sq m (150.7sq ft). 

Weight empty 2,285kg (5,037. 5Ib); fuel (inter- 
nal) 700kg (1,543lb), (with tip tanks) 1,025kg 
(2,260Ib); oil 12kg (26.51b); loaded weight (Yak- 
25-1) 3,185kg (7,022Ib), (with tip tanks) 3,535kg 
(7,793lb), (Yak-25-II) 3,235kg (7,132Ib), (with 
tip tanks) 3,580kg (7,892Ib). 

Performance (Yak-25-1), maximum speed 
982km/h (610mph) at sea level, 953km/h 
(592mph) at 3,000m; climb to 5,000m, 2.5min; 
to 10,000m in 6.3min; service ceiling 14,000m 
(45,932ft); range 1,100km (683.5 miles) on inter- 
nal fuel, 1,600km (994 miles) with tip tanks; 
takeoff run 510m (1,673ft); landing speed 
172km/h_ (107mph), landing run 825m 
(2,707ft). 

Performance (Yak-25-II), maximum speed 
972km/h (604mph) at sea level, 950km/h 
(590mph) at 3,000m; climb to 5,000m, 2.6min; 
service ceiling 12,500m (41,010ft); range 
1,445km (898 miles) with tip tanks; takeoff run 
540m (1,772ft); landing speed 160km/h 
(99.4mph), landing run 500m (1,640ft). 








Yak-30 








Competition from the MiG and the 
Lavochkin OKBs, combined with a 
requirement for a Mach 0.9 fighter 
able to operate from existing unpaved 
airstrips, made it essential to fit a 
sweptback wing. Apart from this the 
Yak-30 was little different from the 
Yak-25. It has not been explained why 
the designation of these prototypes 
was not the obvious one of Yak-27, but 
an even number, which in the Soviet 


Union was reserved for aircraft other 
than fighters. 

The new wing, designed with the 
help of CAHI, retained the S-9S-9 
profile but was swept back at a leading- 
edge angle of 35deg. Taper ratio was a 
mere 1.5, in other words the wing was 
almost untapered (MAC, mean aero- 
dynamic chord, was 1,775mm, 69.9in), 
and it was set at an anhedral angle of 
—2deg. The hydraulically boosted 
ailerons had small tabs, and inboard 
were improved slotted (almost Fowler) 
flaps driven hydraulically to 20deg for 
takeoff and 50deg for landing. There 
was a pronounced kink at the trailing 
edge to give the root adequate depth to 
house the retracted undercarriage legs, 
and on the upper surface were two 
pairs of shallow full-chord fences. 
Structure was as before except that the 
flush-riveted D16 skin was 2mm thick 
from the leading edge to the rear spar. 

The fuselage was that of the Yak-25 
modified to have a circular cross-sec- 
tion of 1.36m diameter. The entire rear 
fuselage could still be disconnected, 
but it was modified so that the 
Derwent V engine could be changed 
by removing the aft end of the fuselage 
behind the strong diagonal frame on 
which the main fin spar was joined, 
leaving the tail in place. The tail was 
based on that of the Yak-25, but with 
the rudder made in one piece and the 
horizontal tail slightly enlarged to 
3.055sq m (32.9sq ft). The cockpit, 
armament and fuel system were virtu- 
ally unchanged, but the drop tanks 
could not be fitted at the tips without 
moving the centre of gravity outside 
the permitted limits (16.7-24.9 per- 
cent MAC) so they were modified to fit 
scabbed flush under the wings near 
mid-span (measured from the centre- 
line). The first Yak-30, callsign 42 and 
with a figure 5 painted on the rudder, 
had an undercarriage not very differ- 
ent from the Yak-25 but with the main 
legs vertical in front view, increasing 
track, the wheels being on modified 
levered arms. 

This aircraft was put through gen- 
erally very successful factory testing 
by Anokhin between 4 September and 
16 December 1948. Handling was 
demonstrated to be good up to the 
highest Mach number reached, 0.935, 
but it was obvious that this aircraft 
would never supplant the more power- 
ful MiG-15, which was already in 
production. Again, neither a USAF 
number nor an ASCC reporting name 
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were allocated. The name ‘Magnum’ 
was given to a totally different Yak-30 
see later. 





Span 8.65m (28ft 44in); length 8.58m (28ft 
lin); wing area 15.1sq m (162.5sq ft). 

Weight empty 2,415kg (5,324Ib); fuel/oil 
700kg/1,025kg/12kg as before; loaded weight 
3,305kg (7,286lb), (with underwing tanks) 
3,630kg (8,0031b). 

Maximum speed 1,060km/h (659mph) at sea 
level, 1,025km/h (637mph) at 5,000m; climb to 
5,000m, 2.6min; to 10,000m in 6.6min; service 
ceiling 15,000m (49,210ft); range (internal fuel) 
1,000km (621 miles), (external tanks) 1,500km 
(932 miles); takeoff run 510m (1,673ft); landing 
speed 166km/h (103mph), landing run 610m 
(2,000ft). 


Yak-30D The second aircraft was 
designated for either Dubler or for 
Daln’nii (long range). It had a slightly 
longer fuselage, making room for an 
additional tank. It also differed in hav- 
ing door-type airbrakes on the rear 
fuselage, a redesigned main under- 
carriage and improved radio and 
oxygen systems. Nevertheless it was 
decided in 1949 that even this im- 
proved aircraft did not meet opera- 
tional requirements. Data differences: 





Length 8.96m (29ft 5in). 

Weight empty not known; weight loaded 
(internal fuel) 3,440kg (7,5841b), (underwing 
tanks) 4,01 5kg (8,8511b). 

Maximum speed 1,025km/h (637mph) at sea 
level; range (underwing tanks) 1,950km (1,212 
miles). 








Yak-50 








In January 1948 the VVS and PVO (air 
defence forces) formulated a require- 
ment for an all-weather and night 
interceptor, to have the highest 
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possible performance and carry search 
radar. To meet this important demand 
all the leading fighter OKBs created 
prototypes: the La-200, MiG I-320, 
Su-15 (unrelated toa later aircraft with 
this designation) and the Yak-50 (again 
unrelated to a later aircraft of this des- 
ignation). In every case the chosen 
engine was the Soviet-made Rolls- 
Royce Nene centrifugal turbojet, ini- 
tially known as the RD-45 and later as 
the VK-1. A major difference was that, 
while Yakovlev used one engine, all the 
rivals used two. 

In all essentials the Yak-50 was a 
stretched derivative of the Yak-30, 
with a much more powerful engine and 
greater sweepback. The wing profile 
returned to a thickness of 12 percent, 
the section being CAHI 9030 near the 
fuselage, changing to SR-11—12 near 
the tip. Taper was almost impercepti- 
ble, the ratio being 1.2 only. Sweep at 
the 4-chord line was 45deg, a bold fig- 
ure for 1948, and in consequence the 
anhedral of the unloaded wing was no 
less than —5deg. Each wing had spars 
at 7 and 50-57 percent MAC and one 
transverse beam inboard (shown as a 
broken line in the three-view). 

As throughout the airframe, 
the materials were 30KhGSA and 
30KhGSNA high-strength _ steels, 
V-95 (used for the front spar), D16 
Duralumin and, used for the first time 
wherever possible because of their low 
density, Elektron (magnesium alloy) 
MAI and MAS. Each wing had three 
shallow fences, the inboard pair being 
full-chord and the outer fences stop- 
ping ahead of the ailerons. The latter 
were hydraulically boosted, with 
internal compensation but without 
tabs. Inboard were improved CAHI 
slotted track-mounted (virtually 
Fowler) flaps, running back parallel 


to the fuselage to 20deg for takeoff and 
50deg for landing. The spars could be 
unbolted from the root rib to enable 
either wing to be removed. 

The fuselage had a length of 9.46m 
(31ft %in) and a circular cross-section 
of 1.4m (55in) diameter, precisely 
matched to the size of plenum cham- 
ber needed to accommodate the 
engine. The semi-monocoque frames 
and stringers were made of V95 and 
D16, and the skin was D16 and MA8. 
Immediately behind the wing was a 
double frame where, by undoing 
eleven horizontal and vertical bolts, 
the entire tail could be removed. Much 
of the nose was occupied by the radar, 
with its scanner inside a radome above 
the engine inlet. The ducts immedi- 
ately bifurcated past the pressurized 
cockpit and forward tank. Door-type 
airbrakes were hinged on each side of 
the rear fuselage. 

The vertical tail had a chord 
sweep of 54deg 30', the symmetric pro- 
file being S-11s-10, of 10 percent 
thickness, its area being 2.976sq m 
(32.03sq ft) including the 0.482sq m 
(5.19sq ft) of the upper and lower 
rudders. The fixed tailplane had the 
same sweepback as the wing and 
same profile as the vertical tail, its 
area being 2.866sq m (30.85sq_ ft) 
including 0.778sq m (8.375sq ft) for 
the elevators. The tailplanes had 
two spars and 1.5mm D16 skin, while 
the left and right elevators each had 
their own drive linkage over the 
range +38deg/—22deg and trimmers 
of MAL alloy. 

The engine was a VK-1, with take- 
off rating of 2,700kg (5,952Ib), with a 
plain fixed-area jetpipe and electric 
starter. A total of 1,065 litres (234gal) 
of kerosene was housed in protected 
tanks approximately evenly disposed 








Yak-50-I longitudinal section. 
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about the cg (see inboard profile 
drawing). The engine had its own 
small tank of MS-20 or MK-22 tur- 
bine oil. 

One totally new feature was the 
velosipednoye (bicycle) undercarriage, 
with the main units on the centreline. 
This unit, with twin drum-braked 
wheels fitted with 600 by 155mm tyres, 
supported 85 percent of the total 
weight. The steerable nosewheel had a 
tyre 420 by 145mm. Both these units 
had single vertical air/oil shock struts 





to which were pivoted levered-suspen- 
sion arms carrying the axles, and each 
retracted forwards into a bay with twin 
doors. The wheelbase was 3.38m (11 ft 
lin). For stability on the ground a 
small outrigger gear was fitted to each 
wingtip, with a strut carrying a wheel 
with a solid 125 by 55mm tyre. These 
wheels were 3.85m (12ft 7%in) from 
the centreline, and retracted back- 
wards into tip fairings. Each fairing 
had a pitot boom upstream and a small 
fence on the underside to prevent dis- 


Yak-50-1; lower side view, Yak-50-11. 








turbance to the airflow over the adja- 
cent aileron. 

The cockpit was pressurized, with a 
bulletproof windscreen, shallow low- 
drag sliding canopy, ejection seat with 
a firing handle on each side, and 8mm 
back armour. The radar was the 
Korshun (kite, the bird), with a single 
mechanically-driven parabolic scan- 
ner, and the armament two NR-23 
each with 80 rounds. A duplicated 
pneumatic system, with bottles 
charged to 75atm (1,102Ib/sq in), 





The Yak-50 first prototype, callsign 20, No. 3. (OKB) 
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served the undercarriage, flaps, wheel- 
brakes and airbrakes. Equipment 
included RSIU-3 radio, an RPKO- 
10M radio compass and LFSV-45 
landing light extended from the fuse- 
lage near the port gun. 

As usual, the OKB workshops built 
two prototypes. The first, Yak-50-I, 
had callsign 20, and a figure 3 painted 
on the lower part of the fin. Under the 
rear fuselage were left and right ven- 
tral strakes, shallow stabilizing fins set 
at 90deg to the skin. The radome and 
top of the nose were painted black. 
Factory flight testing was started on 15 
July 1949 by Anokhin, the very expe- 
rienced LII pilot who had already 
flown the rival MiG I-320 and Su-15. 
Later the Yak-50-II joined the pro- 
gramme, with the mast/wire antenna 
replaced by a dielectric cap to the 
fin and with a single deeper underfin 
along the centreline. This aircraft had 
callsign 35, and a figure 2 painted on 
the fin. 

The Yak-50 proved to have out- 
standing performance and generally 
excellent handling. In most respects it 
achieved on one engine what rival 
aircraft struggled to do with two. Ser- 
vice evaluation considered this aircraft 
quite seriously, but it had short- 
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comings. It did not meet the orig- 
inal requirement that the armament 
should be two 23mm guns and one of 
37mm. The radar, developed by the 
newly formed OKB of A B Sle- 
pushkin, was so difficult to interpret 
that a second crew-member was con- 
sidered essential. At Mach numbers 
over 0.92 Dutch roll made accurate 
gun aiming very difficult. Not least, 
the aircraft was difficult to land in a 
crosswind, and on a wet or icy runway 
it was almost uncontrollable. 

None of the rival types was accepted 
for production. Yakovlev later used 
a velosipednoye landing gear in the 
Yak-140 fighter and in the Yak-120, 
which was wholly successful and led 
to a long series of twin-jets for a 
number of roles. The Yak-50 received 
neither a USAF number nor an ASCC 
name. 





Span 8.01m (26ft 3%in); length 11.18m (36ft 
8 in); wing area 16.0sq m (172sq ft). 

Weights (Yak-50-I): empty 3,085kg (6,9011b); 
fuel 850kg (1,8741b); oil 10kg (221b); loaded (% 
fuel) 3,650kg (8,047lb); maximum loaded 
4,100kg (9,0391b). 

Weights (Yak-50-II): empty 3,125kg 
(6,8891b); fuel/oil unchanged; maximum loaded 
4,155kg (9,1601b). 

Maximum speed 1,170km/h (727mph) at sea 
level, 1,135km/h (705mph) at  5,000m, 











1,065km/h (662mph) at 10,000m; ME 103; 
climb to 5,000/10,000/15,000m, respectively 
1.5, 3.5 and 7.0min; service ceiling 16,600m 
(54,462ft); range 1,100km (684 miles); takeoff 
run 587m (1,926ft); landing speed 200km/h 
(124mph), landing run 965m (3,166ft). 





Yak-1000 





Partly because it never flew, and so the 
OKB were reluctant to discuss it, this 
aircraft has been one of the most mis- 
reported Soviet aircraft. Until very 
recently it was confidently believed to 
have been intended as an interceptor, 
powered by a powerful Lyul’ka AL-5 
axial turbojet. It is now revealed that it 
was designed in 1948-49 as a purely 
experimental aircraft, intended to 
reach Mach numbers in excess of 
1.5 in level flight, powered by a 
Rolls-Royce Derwent V. 

The wing was a tiny rhomboid, with 
profile SR-12s at the root and S-9s at 
the tip, thickness/chord ratio being a 
remarkable 3.4 percent at the root and 
4.5 at the tip. Left and right wings each 
had ten D16 ribs cut by the three spars, 
the front and rear being D16 and the 
centre spar 30KhGSNA steel. Skin 























Yak-1000. 











Yak-1000. (OKB) 


was 1.5mm Duralumin, and the tip 
welded AMTs aluminium. The root 
rib was secured to the body frames by 
five bolts. The leading edge, the pro- 
file of which modified the basic aero- 
foil, was fixed. The entire wing behind 
the rear spar comprised large slotted 
flaps rotating on three hinges, each 
incorporating a constant-chord aileron 
made of MA8 Elektron, hung on two 
hinges with aerodynamic- and mass- 
balance. 

The tube-like fuselage was made of 
D16, with many stringers cut by the 
three bulkheads and thirty frames. 
The first bulkhead carried the nose- 
wheel, the second the engine on two 








rubber mounts, and the third reacted 
stresses from the tail. The centre fuse- 
lage was connected to the nose and 
tail at double frames with removable 
bolts. Skin thickness was 1.0—-1.2mm, 
and large areas were covered by access 
panels to the control system and tanks. 
On each side at the tail were door-type 
airbrakes. 

The inlet duct was bifurcated to 
pass each side of the cockpit, which 
had a rounded low-drag windscreen 
and shallow upward-opening canopy. 
Pressurization was provided by a 
bleed-air system, with RD-48 auto- 
matic control backed up by KRP-48 
manual control. The canopy was 
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actuated pneumatically, and firing the 
ejection seat automatically jettisoned 
the canopy. The delta-shaped tail 
was entirely of S-9s profile with 5 
percent thickness, skin being 1.0mm 
throughout. The fin had two inclined 
spars, two beams (not parallel) and 
seven ribs, the tiny rudder having 
three hinges. Like the rudder, the 
aerodynamically and mass-balanced 
elevators were operated by rods and 
bellcrank levers. They were hung on 
three hinges, and had electrically 
actuated trim tabs. The fin was 
attached to the fuselage frames by 
six bolts, with diameters from 8mm to 
16mm. 

The _ single-strut —_velosipednoye 
undercarriage was superficially like 
that of the Yak-50. The nose unit was 
steerable and had a single wheel with a 
drum brake and a 400 by 150mm tyre. 
Unlike the fighters (except the Yak-17) 
it retracted backwards. The main units 
had twin wheels with 570 by 140mm 
tyres, retracting forwards into a bay 
needing blisters. The stabilizing out- 
rigger units were of Yak-50 type but 
were mounted half-way from the wing 
root to the tip. 

A dual 75 atm (1,102Ib/sq in) pneu- 
matic system provided power for the 
flaps, undercarriage, undercarriage 
locks, wheelbrakes, nosewheel steer- 
ing, airbrakes, canopy and canopy seal. 
The main system had reservoirs of 20 
and 8 litres capacity, and the dubler 
(standby) one of 8 litres, all charged by 
an engine-driven Hymatic compres- 
sor. Fuel was housed in a 430-litre 
(94.6gal) forward tank and a 167-litre 
(36%gal) tank around the jetpipe. An 
engine-driven GSK-1500 generator (a 
Soviet item) charged the 12A-30 bat- 
tery, providing power for instruments, 
flight recorders and the RSI-6 radio 
which had a wire antenna. Instrument 
booms were mounted on the nose and 
fin tip. 

Only a single Yak-1000 was built. 
This had callsign 34, with the number 
2 painted on the rear fuselage. The 
design speed is reported to have been 
1,750km/h (1,087mph, Mach 1.65). If 
the engine had an afterburner it was 
expected Mach 1.88 would have been 
attained. In fact, taxi tests in 195] 
showed such dangerous instability that 
flight testing was not attempted. No 
data have been discovered, except for 
dimensions: 





Span 4.52m (14ft 10in); length (excluding 
PVD probe) 11.69m (38ft 4'4in). 
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Yak-24 





A S Yakovlev has described how, in 
autumn 1951, he and other designers 
were called to the Kremlin and told by 
Stalin to create two helicopters, one to 
carry a useful load of 1,200kg or twelve 
armed infantry and the other just 
twice as much, prototypes to be ready 
in one year. It was to be a ‘crash pro- 
gramme’, with ‘unlimited support’ 
from the national research institutes. 
Nobody was eager, but eventually 
Mikhail L Mil’ agreed to tackle 
the smaller machine and Yakovlev the 
larger, Yakovlev having the idea of 
simply using tandem rotors based 
on those of the Mil’ design. 

This was agreed, and design of the 
Yak-24 started in December 1951. 
Though the first prototype was built 
extremely quickly, this programme 
was to prove more protracted than any 
previous endeavour by the OKB. 
Including later versions the chief 
engineers comprised I A Erlikh (the 
original leader) and P P Brylin, Yu I 
Orlov, V P Lashkoy, G I Rumyantsev 
and G I Ogarkov. 

The concept could not have been 
more straightforward. Mil’, with 
CIAM, CAHI and other organiza- 
tions, including Shvetsov’s engine KB, 
developed the rotor and its drive 
system. The engine was the ASh-82V, 
a special helicopter version of the four- 
teen-cylinder radial used in some Yak 
fighter prototypes. Rated at 1,430hp, 
and with 1,700hp available for takeoff, 
it was developed with a cooling fan and 
centrifugal clutch and cleared to oper- 
ate in any attitude. It was decided 
to install the front engine between the 
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cockpit and cabin at an angle of 60deg 
to drive the gearbox under the front 
rotor. The rear engine was installed in 
the normal attitude in the base of an 
enormous rear fin which formed the 
pylon for the rear rotor, driving 
through a 90deg bevel gearbox. 

The rotors had fully articulated 
hubs made of D16 and steel, with drag 
and flapping hinges and_ friction 
dampers. In fact, the rotor was not 
identical to that of the Mi-4, and 
indeed later Mil’ enlarged his rotor 
by using Yakovlev’s longer blades. 
The four blades were tapered, with 
NACA-230 profile, based on a 
30KhGSA spar with ply ribs and skin 





~ pa S 
Yak-24 first series. 








covered in varnished fabric, with 
tracking adjusted by a tab on the trail- 
ing edge near the tip. The rotors 
turned at 178 rpm in opposite direc- 
tions, the rear rotor being a mirror 
image of the front rotor which it over- 
sailed. The gearboxes were linked by a 
torque shaft so that flight could just be 
maintained on one engine. 

The boxcar fuselage was based on a 
truss of welded KhGSA tube, skinned 
with D1 panels covering the engine 
bays, rotor pylons and fin, and by fab- 
ric elsewhere. Each engine was housed 
in a fire-resistant bay with large 
apartures for cooling air, those for the 
rear engine being forward-facing open 





Yak-24 first series. (Yefim Gordon Archive) 


inlets beside the fin leading edge. Each 
engine had its own fuel:tank. At the 
front was the fully glazed cockpit for 
two pilots and a radio operator/engin- 
eer, with a sliding door on each side 
and a rear door to the engine compart- 
ment, through which a narrow passage 
led to the main cabin. 

This measured 10m (32ft 9%in) 
long, the cross section being 2m 
(78%in) square. There were six win- 
dows on each side, one being in a door, 
and at the back was a full-width ramp 
door through which shallow loads such 
as a GAZ-69 ‘Jeep’ could be moved 
under the rear engine on to the floor of 
aluminium planks. The undercarriage 
comprised four triangulated steel-tube 
outriggers carrying levered-suspen- 
sion wheels able to castor +30deg. The 
track was 5m (16ft 4/in). 

The OKB very quickly built four 
prototypes, two for structural and sta- 
tic testing and two for flight testing in 
the hands of S G Brovtsev and Ye F 
Milyutichev. The first liftoff was as 
early as 3 July 1952, but it was soon 
evident that resonance was a serious 
problem. The static-test machine 
began a 300-hour tied-down test pro- 
gramme, but vibration proved fright- 
ening and difficult to predict, and even 
with CAHI help progress was slow. At 
the 178th hour the rear engine tore free 
from its fatigued mountings and the 
machine was burned out. The free- 
flight article (fourth airframe) fared 
little better until (according to 
Yakovlev) he personally ordered 0.5m 
cut off each main-rotor blade, reduc- 
ing diameter from 21m to 20m. 

This immediately effected a great 
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Yak-24 modified series. (RART) 
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Yak-24 modified series. 





improvement, but after the No. 4 
machine had been delivered to NII- 
VVS in October 1953 its tethers 
snapped during ground test. By this 
time the tail had been developed 
to have a trailing edge curved to 
theright, with a ground-adjustable 
‘rudder’ downstream, to give a side- 
thrust in cruising flight, and two 
braced tailplanes tilted up at 45deg. In 
this configuration the Yak-24 passed 
NII-VVS testing in April 1955, 
though stability and control were 
regarded as marginal. 

Four pre-series helicopters, all 
slightly different, flew at the Tushino 
Aviation Day in August 1955, hailed as 





the LV (Letayushchii Vagon, flying 
wagon). Production was ordered at a 
Leningrad factory, where thirty-five 
were built for the VVS in 1956-58. 
These were painted in dark green cam- 
ouflage, and except for the first few had 
larger tailplanes with dihedral reduced 
to 20deg carrying large endplate fins 
set at an angle of 3deg 30! to give the 
required thrust to the left in cruising 
flight, the tail end no longer being 
curved to the right. They had full 
equipment for loading and securing 
vehicles and other cargo up to a maxi- 
mum of 3,000kg, (6,614Ib). Canvas 
wall seats were provided for twenty 
troops, with racks for weapons and 
equipment, with pillar sockets for 
eighteen stretchers accompanied by an 
attendant. A three-tonne load could 
also be slung from a central hook, but 
on 17 December 1955 Milyutichev 
carried an overload of four tonnes 
(8,818Ib) to 2,092m (6,864ft). On the 
same day G A Tinyakovy set a second 
world record in the same prototype by 
taking 2,000kg (4,409Ib) to 5,032m 
(16,509ft). 

In January 1958 a complete three- 
axis autostabilization system was 
cleared for service and retrofitted to 
each helicopter. This dramatically 
improved stability and control, mak- 
ing ‘hands’off hovering possible, and 
greatly improving the tactical value of 
these now very capable helicopters. 
More would have been built had Mil’ 
not developed the far more powerful 
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Yak-24 testing an experimental radiating antenna. (Yefim Gordon Archive) 





Yak-24K in December 1959. (RART) 


Mi-6. The USAF called this heli- 
copter “Type 38’, later replaced by the 
ASCC name ‘Horse’. 


Diameter of rotors 20m (65ft 7%in); length 
overall 33.03m (108ft 4%in); length of fuselage 
21.34m (70ft Osin); height 6.5m (21 ft 3%in). 

Weight empty 10,607kg (23,3841b); maximum 
loaded weight 14,270kg (31,4591b). 

Maximum speed 175km/h (109mph); cruis- 
ing speed 156km/h (97mph); hovering ceiling 
2,000m (6,562ft); normal dynamic (forward- 
flight) ceiling 4,200m (13,780ft); range 265km 
(165 miles). 


Yak-24U This Uluchshennyi (im- 
proved) helicopter was completed in 
December 1957, and tested from Jan- 
uary 1958. The rotor blade spars were 
connected to the hub by oval-section 
steel tie rods at the root, restoring rotor 
diameter to the original design value. 
The axes of the rotors were canted 
2deg 30', the front hub tilted to the 
right and the rear to the left, so that the 
entire tail could be redesigned for min- 
imum drag without the need to gener- 
ate side thrust. Avionics included a 
two-axis autostabilization system and 
limited-authority autopilot developed 
mainly within the OKB. The fuselage 
truss was strengthened and increased 
in width by 0.4m (15%in) and made 
slightly higher, and metal-skinned 
throughout. The external slung 
load rating was increased to 3,500kg 
(7,716lb), and the cable passed 
through a large floor hatch to a winch 
in the roof of the cabin. The rear land- 
ing oleos were modified to eliminate 
any tendency to resonance (now a 
better understood phenomenon), and 
later the fuel system was improved and 
the capacity significantly increased. 
This prototype could carry thirty- 
seven armed troops, but its main use 
was as a crane, putting roof trusses on 
the Pushkin (Ekaterinskii) palace and 
carrying gas pipes from Serpukhoy to 
Leningrad over impassable marsh. 


Overall dimensions unchanged, apart from 
rotor diameter 21.0m (68ft 10%in). 

Weight empty 11,000kg (24,2501b); maximum 
loaded weight (initial) 15,830kg (34,8991b), 
(with additional tankage) 16,800kg (37,037Ib). 

Maximum speed 173km/h (107.5mph); hoy- 
ering ceiling 1,500m (4,920ft); dynamic ceiling 
2,700m (8,858ft); range (initial) 255km (158 
miles), (with increased tankage) 300km (186 
miles) with 4,000kg load, 650km (404 miles) 
with 2,500kg load and 1,300km (808 miles) with- 
out payload. 


Yak-24A In 1960 a single prototype 
was built of this civil version equipped 


for a crew of two and thirty to forty 
passengers, seated 2+1. The rear cargo 
door was eliminated, the passenger 
door on the left was fitted with fold- 
down steps, and the cabin was fitted 
with larger windows. With thirty 
passengers 300kg (661lb) of baggage 
could be stowed in a separate com- 
partment. 


Yak-24K Another 1960 prototype 
was this VIP version. The fuselage was 
shortened, fitted with even bigger win- 
dows, improved soundproofing and 
heating and an electrically-operated 
airstairs, and luxuriously furnished for 
nine passengers. 


Yak-24P Though a beautiful model 
was exhibited in 1961, this twin- 
turboshaft development was never 
built. The two 2,700hp AI-24V 
engines were mounted above the 
stretched cabin giving comfortable 
accomodation for thirty-nine passen- 
gers, with baggage space and toilet. 
Cruising speed would have been 
210km/h (130.5mph). 

With hindsight, the Yak-24 may be 
seen to have been a very difficult chal- 
lenge which finally led to complete 
success. Unfortunately, by the time it 
was entering production rival Mil’ had 
produced the far more powerful Mi-6, 
so only a limited number of Yakovlev’s 
‘flying wagon’ were built. Later, when 
Yakovlev scaled up the Yak-24 into the 
huge Yak-60, it was again unable to 
displace Mil’ helicopters from their 
position of dominance. 





Yak-200, Yak-210 





In 1952 Yakovlev embarked on the 
design of a modern successor to the 
Yak-6. Until recently it was imagined 
in the West that the Yak-200 was 
intended as a trainer for the pilots of 
multi-engined aircraft, and that a sec- 
ond prototype, the Yak-210, was a 
trainer for navigators and bomb- 
aimers. In fact both were intended for 
tactical reconnaissance and artillery 
spotting, though their low perfor- 
mance would have made them very 
vulnerable in modern warfare. The 
Yak-210 did, in fact, have a secondary 
training role. 
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Both were all-metal stressed-skin 
aircraft powered by 570/700hp ASh- 
21 piston engines driving VISh- 
111V-20A propellers. The engine in- 
stallations had radial cooling shutters 
and resembled those of the Yak-16, 
though the large spinners were 
not fitted when photographs were 
taken. 

The wing had Clark YH profile with 
a thickness/chord ratio of 15 percent 
over the horizontal rectangular centre 
section, reduced to 8 percent over the 
outer panels, which were tapered and 
had slight dihedral. The two-section 
slotted ailerons were arranged to 
droop when the slotted flaps were 
depressed to the landing angle. The 
tail comprised a large fin (further 
enlarged in the Yak-210 by addition of 
a dorsal fin) carrying a balanced inset- 
hinge rudder and a fixed tailplane with 
dihedral carrying elevators whose 
roots were well outboard of the centre- 
line. All control surfaces were fabric- 
covered and manually-operated, and 
trim tabs were fitted to the rudder and 
right elevator. 

The fuselage had no welded-truss 
framework but was a Duralumin semi- 
monocoque. It was made in three 
parts, the nose, the centre fuselage and 
integral centre wing, and the rear fuse- 
lage, which could be separated at 
bolted joints. The glazed nose of the 
Yak-210 had additional windows and 
could be equipped for an observer, or 
for a trainee navigator/bomb-aimer. 
The centre fuselage contained the 
cockpit for the pilot and aircraft com- 
mander (it could have housed an 
instructor and pupil pilot with side- 
by-side dual controls) under a large 
electrically powered sliding canopy. 

The undercarriage could hardly 
have been simpler, with single oleo 
struts going straight to the inner ends 
of the axles or, for the nose unit, to a 
castoring fork. The nose unit retracted 
backwards and the main legs forwards, 
all three tyres slightly protruding to 
lessen damage in a wheels-up landing. 
Operation of the flaps, undercarriage 
and wheel brakes was pneumatic. 

A total of 760 litres (167gal) of fuel 
was contained in four tanks in the cen- 
tre section. Comprehensive avionics 
included RSIU-3 and RSIU-5 radio, 
ARK-3 ADE, two radar altimeters 
(RV-10 for high band and RV-2 for 
precise measures of very low heights), 
a marker receiver and provision for 
SRO-2 IFE In addition the Yak-210 
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Yak-200; lower side view, Yak-210. 
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was equipped with PSBN-M 
panoramic and bombing radar, with 
the rotating antenna in a blister under 
the rear fuselage, an AFA-BA-40 cam- 
era and provision for 300kg (6611b) of 
practice bombs. Whereas the Yak-200 


had only a single VHF whip antenna 
ahead of the fin, the Yak-210 had two 
wire antennas as well as the whip 
antenna located further forward. 

The Yak-200 made its first flight in 
March 1953, followed by the Yak-210 
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three months later. Both were submit- 
ted for NII-VVS testing, but though 
they were considered satisfactory air- 
craft, regarded simply as_ flying 
machines, the decision was taken not 
to order either into production. They 
could have served as front-line trans- 
port and ambulance aircraft, but were 
regarded as too costly and vulnerable, 
and Soviet Army Aviation had no real 
use for them. No ASCC name for 
these aircraft is known. 





Span 17.455m (57ft 3%in); length 12.95m 
(42ft 5%in); wing area 36.0sq m (387.5sq ft). 

Weight empty (200) 3,910kg (8,620Ib), (210) 
4,542kg (10,013Ib); fuel 570kg (1,2571b); loaded 
weight (200) given as 4,715kg and more recently 
as 5,122kg (11,292Ib), (210) 5,422kg (11,9531b). 

Maximum speed = (Yak-200) 400km/h 
(248.5mph); service ceiling (Yak-200) 7,160m 
(23,490ft), (Yak-210) 6,700m (22,000ft); range 
(Yak-200) 1,340km (833 miles), (Yak-210) 
1,280km (795 miles); takeoff run (Yak-200) 
360m (1,181ft); landing speed (Yak-200) 
130km/h (81mph), landing run 430m (1,411ft). 





Yak-25 





This designation was used a second 
time for the twin-jet interceptor which 
not only restored Yakovlev’s position 
as a designer of successful combat air- 
craft but also led to a prolific and 
important family of derivative aircraft. 
Following the principle of never mak- 
ing too many changes simultaneously, 
this progressive development trans- 
formed a subsonic aircraft weighing 
less than nine tonnes into a supersonic 
aircraft weighing twice as much, with 
nothing in common with its ancestor 
except the general configuration. 

In 1949-51 Yakovlev and Sukhoi 
had produced prototypes of single-seat 
interceptors, and these confirmed that 
the pilot could not effectively fly the 
aircraft and simultaneously interpret 
the indications of the primitive radars. 
The rival Mikoyan I-320 and La-200 
overcame this problem by carrying a 
radar operator/navigator, but neither 
was considered good enough to 
become the future night and all- 
weather defender of the Soviet Union 
in an era of jet bombers carrying 
nuclear weapons. 

On 10 August 1951 the Council of 
Ministers issued a decree calling for a 
superior two-seat night and _all- 
weather interceptor for the PVO air- 
defence force. The timing was difficult 
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The first prototype Yak-120. (Yefim Gordon Archive) 


for Yakovlev’s rivals, though Lay- 
ochkin persisted with the La-200B. 
Mikoyan produced small interim 
interceptors based on the MiG-17 and 
MiG-19, and Sukhoi’s OKB had been 
closed. Yakovlev had the brilliant idea 
of scaling up the Yak-50 to meet the 
requirement, using two completely 
new engines hung under the wings, 
leaving the fuselage free for fuel and 
equipment. 

The Yak-120 project went ahead in 
August 1951. Chief engineer was M I 
Leonoy, and the assigned test pilot V 
M Volkoy. Yakovlev recognised that 
this was an opportunity for a major 
contract he simply had to win. 

The wing closely resembled an 
enlarged version of that of the Yak-50. 
Profile was symmetric SR-12s near the 
fuselage, changing to asymmetric 
SR-11 near the tip. Thickness/chord 
ratio was 8.7 percent, or 12 percent 
measured across the chord at 90deg to 
the leading edge. Values which 
remained unchanged from the Yak-50 
included the very low taper ratio of 
1.21, sweepback (measured at \4- 
chord) of 45deg, anhedral of -5deg and 
incidence of +1deg. Each wing had 
two spars, one main transverse beam 
and 18 ribs, and could be unbolted 
from the fuselage spar frames (Nos. 14 
and 17). Each one-piece aileron had 
inset aerodynamic balance, chord 
being 605mm (23.8in) and combined 
area 2.865sq m (30.84sq ft). Hydraulic 
boosters drove these surfaces over 
the range +25deg. The slotted split 
flaps inboard and outboard of the 
nacelles had a chord of 902mm 
(35.5in) and were driven pneumati- 
cally to 25deg for takeoff and 50deg 
for landing. 


The circular-section fuselage had a 
“diameter of 1.45m (57'in) and overall 
length of 14.56m (47ft 9%in). It was 
a semi-monocoque structure made 
almost wholly of Duralumin, except 
for the enormous nose radome of 
glassfibre dielectric. The front-spar 
frame also included the rear pressure 
bulkhead of the tandem-seat cockpit. 
The door-type lateral airbrakes, each 


of Isq m (10.76sq ft) area, driven open 
to 50deg, were further forward than in 
earlier Yakovlev fighters, being hinged 
to Frame 26 mid-way between the 
wing and tail. Along the top from 
canopy to fin was a spine fairing over 
the tail control rods and electric cables. 

The tail was again an enlarged ver- 
sion of that of the Yak-50 but with the 
dorsal fin faired into the spine. The 






























































Yak-25M. (Yefim Gordon Archive) 











two-spar fin was attached to fuselage 
Frames 34, 35, 37 and 39. Sweepback 
was 55deg, profile ASA-0008M and 
0009M (9 percent thickness) and area 
5.329sq m (57.36sq ft). The upper and 
lower rudders had a combined area of 
1.307sq m (14.07sq ft) and each was 
moved on two inset hinges by manual 
rod and lever operation over +26deg. 
The fixed tailplane was mounted high 
on the fin, with a leading-edge sweep 
of 45deg and area of 4.665sq m (50.2sq 
ft). The profile was ASA-000010M (10 
percent), and the elevators of 1.265sq 
m (13.62sq ft) had electrically driven 
trimmers of 0.113sq m (1.22sq ft) and 
were hydraulically boosted over the 
range 33deg up to 20deg down. 

The twin engines were the com- 
pletely new AM-5 turbojets designed 
in the engine KB of A A Mikulin by a 
team led by Sergei K Tumanskii (who 
was to succeed Mikulin in 1956). Each 
engine had a nine-stage axial compres- 
sor, enabling overall diameter to be 
held to 668mm (26.3in), and weighed 
about 445kg (981lb). Takeoff rating 
was 2,000kg (4,4101b), but Tumanskii 
was confident of higher thrust in later 
versions. 

Each engine was housed in a slim 
nacelle of 824mm (32.4in) maximum 
diameter, with an overall length of 
5,085mm (16ft 8%4in), hung completely 
below the wing on two pickups on the 
wing spars 2,188mm (7ft 2in) from 
the aircraft centreline. The presence of 
the nacelle eliminated the need for a 
wing fence at this location, so initially 
there was just a single fence at the 
inboard end of the aileron. 

Engine changes could hardly have 
been simpler. Each engine had an elec- 


























Yak-25M. (Yefim Gordon Archive) 








Yak-25 ‘katapult’ ejection seat tests. (RART) 


tric starter and was fed by an electro- 
mechanical fuel system with four flex- 
ible self-sealing fuselage tanks, Nos. 1 
to 4, with respective capacities of 785, 
275, 930 and 1,455 litres, a total of 
3,445 litres (757.8gal). All fuel was jet- 
tisonable. The engine had its own oil 
system, the oil cooler having a ram air 
inlet in the top of the cowling. 

The velosipednoye undercarriage 
was again a direct scale of that of the 
Yak-50. The main unit, supporting 85 
percent of the weight, had a single oleo 
shock strut pivoted to the top of Frame 
19, with a levered-suspension arm car- 
rying twin wheels with 800 by 225mm 
tyres. The nose unit again had a single 
strut, pivoted to Frame 6, carrying a 
levered-suspension fork for a wheel 
with a 600 by 155mm tyre. All three 
wheels had anti-skid brakes and 
retracted backwards into bays with 
twin doors, and the nose unit was 
steerable. On each wingtip was a long 
fairing housing the backwards-retract- 
ing outrigger stabilizer gear, with a 
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300 by 135mm tyre and long front fair- 
ing. 

The tandem cockpits were pressur- 
ized by an air-cycle system energized 
by bleed air. The front windscreen was 
of 57mm (2/4in) armour glass, and the 
very large single canopy was opened by 
sliding on long tracks 2.2m (87in) to 
the rear. Both the pilot and navigator 
had a complete set of flight controls, 
and dual controls for the engines, flaps, 
airbrakes and undercarriage. There 
was armour plate ahead of the cock- 
pits, behind the rear seat and behind 
the top of the ejection seats, and extra- 
thick Dural panels along each side. 
The seats had individual manual con- 
trol, but the system could be blocked 
to allow the pilot to jettison the canopy, 
eject the navigator and then himself. 

Armament comprised two N-37L 
cannon, in packages scabbed on the 
lower sides of the fuselage. Spent cases 
and links were ejected. Immediately 
behind the rear cockpit pressure bulk- 
head were the magazines, each nor- 
mally filled with fifty rounds but 
having capacity for 100. The only sight 
was that forming part of the radar, as 
described later. 

The port engine drove an alternator, 
Type SGS-7-56, which with DC gen- 
erators, rectifiers and batteries served 
comprehensive subsystems. ‘These 
supplied 400-Hz constant-frequency 
power for the avionics and also raw AC 
for electric anti-icing of the wind- 
screen, the cruciform engine inlet 
struts and the protective inlet mesh 
screens. Hot bleed air was piped to 
anti-ice the leading edges of the wing 
and tailplane and the periphery of the 
engine inlets. Alternator and generator 
cooling was provided by air from small 
inlets above the cowlings. Both engines 
drove compressors energizing 75 atm 
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Yak-25L engine icing testbed for Yak-28. (Yefim Gordon Archive) 
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Yak-125B, with internal bay for nuclear bomb, radar and twin nosewheels. (OKB) 


(1,102Ib/sq in) pneumatic systems 
serving the undercarriage, flaps, nose- 
wheel steering, wheel brakes, gun 
cocking and firing, cabin seal, cabin 
drive motor and radar hatches. The 
starboard engine drove the hydraulic 
pump which provided power for the 
elevator and aileron servo boosters, air- 
brakes and radar scanner drive. 

It had been intended to fit RP-6 
radar, as described later, but this was 
still under development when the 
Yak-120 prototypes were built. The 
prototypes thus had no radar when 
first built. The communications radio 
was dual RSIU-3M, with a wire 
antenna and a blade antenna project- 
ing above the dielectric cap to the fin. 
Other avionics included the OSP-48 
Materik (Mainland) _ blind-landing 
system, with the heading and landing 
antenna at the front of the fin cap, an 
ARK-5 radio compass, DGMK-5 dis- 
tant-reading master compass with the 
feeder sensor in the tailcone, SRO IFF 
(identification friend or foe) with the 
blade antenna above the fuselage, 
NI-50B navigation indicator, AGI-1 
horizon, marker receiver, RV-1/-2 
radar altimeters and SPU-2 intercom. 
Flight instrumentation was served by 
pitot booms ahead of each wingtip 
fairing. 

OKB-115 initially built one static- 
test article and two Yak-120 flight pro- 
totypes, the first being flown on 19 
June 1952. This flight, and ‘almost all 
subsequent factory testing’ was made 
by Volkov. The Yak-120 was a success 
from the start, few aerodynamic or fly- 
ing-control modifications _ being 
needed beyond the addition of a sec- 
ond fence ahead of the mid-point of 
each aileron. Performance was satis- 
factory, including a practical mission 
endurance of 2% hours, and it was 
established that with functioning radar 
the aircraft could operate out of range 
of ground stations. The first prototype 
later had its inert nose mass replaced 
by a RP-1 radar, to enable gun-firing 
trials to begin. The decision to put the 
aircraft into production was taken 
immediately upon completion of ini- 
tial NII-VVS and PVO state testing in 
March-June 1953, the service designa- 
tion being Yak-25. The modified 
prototype was factory-tested between 
1-26 October 1953. 





Span 11m (36ft lin); length 15.665m (51ft 
4yin); wing area 28.94sq m (311.5sq ft). 
Weight empty (as built) 5,893kg (12,992Ib); 


maximum internal fuel 2,750kg (6,063Ib); 
normal loaded weight (as built) 8,675kg 
(19,125lb), (as submitted for NII test) 8,700kg 
(19,1801b). 

Maximum speed 1,100km/h (684mph) at 
3,000m (9,842ft); M__,. 0.96 at 9,000m; climb to 
5,000m, 2.2min; to 10,000m, 5.7min; service 
ceiling 14,200m (46,590ft); range 2,100km 
(1,305 miles); takeoff run760m_ (2,495ft); 
landing speed 198km/h (123mph), landing run 
800m (2,625ft). 


Yak-25 The initial production inter- 
ceptor was developed from the 
improved Yak-120 between June 1953 
and the end of that year. Its main new 
feature was the installation of operative 
radar. 

This was the RP-1, called /zwmrud 
(Emerald), developed by the V V 
Tikhomirov electronic design bureau. 
It was installed in quickly-replaceable 
boxes, mainly in the nose between 
Frames 1-6. Ahead of Frame 1 were 
the separate power-driven scanners 
for search and track functions. They 
looked lost inside the huge radome, 
which had been designed for the much 
more powerful and longer-wavelength 
RP-6. Electronic performance and sig- 
nal distortion were considered good, 
but the bluff radome was prone to 
icing. RP-1 was matched only to attack 
using guns, the range in the track/pur- 
suit mode being only 2km (6,560ft), 
but it was the only interception radar 
cleared for service, and it had already 
shaken down in PVO_ regiments 
equipped with the MiG-17P. 

The Yak-25 went into production at 
the Saratov factory, No. 292, at the 
beginning of 1954. Only a few series 
blocks were delivered (by subtraction 
from the total, the number of Yak-25 
aircraft, including OKB-built Yak-120 
prototypes, was sixty-seven). The fac- 
tory director was A I Shibayev, suc- 
ceeded in 1956 during Yak-25M 
production by B A Dubovikov. Chief 
engineer was N Ya Miroshnichenko, 
and the Yakovlev OKB representatives 
were V I Yemel’yanoy, V A Staurin and 
V F Ivashkevich. The Yak-25 entered 
PVO service at the end of 1954, and 
was considered to be the only aircraft 
able at that time to fly long missions 
in the extreme Arctic and oceanic 
areas, where the second engine and 
second crew-member proved essen- 
tial. The ASCC named this aircraft 
(and its subsequent interceptor ver- 
sions) ‘Flashlight’, later changed to 
‘Flashlight-A’ when visibly different 
versions appeared. 
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Yak-25L After the entry to service of 
the Yak-25M the Yak-25 was with- 
drawn from PVO front-line duty. 
Almost all were converted into 
Yak-25L (flying laboratory) aircraft 
used in research programmes, the 
most important of these being con- 
cerned with ejection seats, inflight 
refuelling and the development of 
avionics. One aircraft was fitted with a 
separate upward-hinged canopy over 
the front cockpit, which was sealed by 
a pressure bulkhead from the rear 
cockpit which had a prominent Dural 
fairing for ejection seat tests. Cameras 
were mounted on the wings. Two other 
aircraft were used for different tests of 
seats and high-altitude crew clothing 
and equipment. 


Dimensions unchanged. 

Weight empty 6,210kg (13,690Ib); fuel 
unchanged; normal loaded weight 9,220kg 
(20,326lb). 

Maximum speed 1,090km/h (677mph) at 
5,000m; climb to 5,000m, 2.3min; to 10,000m, 
6.4min; service ceiling 13,900m (45,600ft); 
range 2,010km (1,250 miles); takeoff run 775m 
(2,543ft); landing speed 200km/h (124mph), 
landing run 825m (2,705ft). 


Yak-25M The main production run 
at Saratoy was of this improved inter- 
ceptor, fitted with the radar which had 
been intended from the outset. This 
installation, the RP-6 Sokol (Falcon), 
was unrelated to RP-1, and much more 
powerful. With small and large para- 
bolic antennas on the same axis, it 
had much better detection range, and 
against a typical (16sq m) target had a 
detection range of 70km (43.5 miles) 
and track/pursuit range of 25-30km. 
During the front-line service of the 
Yak-25M the radar was repeatedly up- 
graded to improve performance, resis- 
tance to countermeasures and ability 
to operate in icing conditions. 

The initial series were powered by 
the AM-5A, but all later batches 
had the RD-5A which was essentially 
the same engine redesignated after 
Tumanskii replaced Mikulin in 1956. 
Though normal rating remained 
2,000kg, the maximum thrust on take- 
off was cleared to 2,600kg (5,732Ib), 
and the installation was improved. 
For better stability on the runway 
the nose undercarriage was moved 
forward 0.33m (13in), so that its main 
pivot was at Frame 4. Another modifi- 
cation was to provide attachments and 
piping for a 3.4m (11ft 1%in), 670 or 
685-litre (151gal) conformal auxiliary 
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fuel tank under the fuselage. The guns 
were fitted with muzzle brakes. 

The Saratov plant delivered 406 
Yak-25M_ interceptors in 1955-57. 
This aircraft received Product Code 
Izdeliye ‘12/15’, and, though not offi- 
cially accepted as a weapon system, 
saw front-line service during a crucial 
period (as did its later offspring the 
Yak-28P, which again was never offi- 
cially accepted). The last Yak-25M 
regiment did not re-equip until 1963. 
Again, several aircraft were used in test 
programmes. One was used to perfect 
an automatic phased ejection system 
for the canopy and seats. Another was 
equipped with a water spray rig to test 
the anti-icing of the long sharp-lipped 
engine inlet for the Yak-28, while 
another tested the R-11AF2-300 
engine itself. 





Dimensions unchanged. 

Weight empty 6,410kg (14,131Ib); fuel 
3,345kg (7,375lb); maximum loaded weight 
10,045kg (22,1451b). 

Maximum speed 980km/h (609mph, Mach 
0.8) at sea level, 1,097km/h (682mph), Mach 
0.93, at 3,000m, 980km/h (Mach 0.925) at 
12,000m; M,,,,, 0-954 at 9,000m; climb to 5,000m 
(at 10,045kg) 2.8min, to 10,000m, 7.9min; initial 
climb (9,220kg) 44m/s _—(8,661ft/min), 
(10,045kg) 37m/s (7,284ft/min); service ceiling 
(9,220kg) 13,900m (45,605ft),  (10,045kg) 
13,150m (43,143ft); range (with external tank) 
2,560km (1,591 miles); takeoff run 800m 
(2,625ft); landing speed 202km/h (125.5mph), 
landing run 850m (2,790ft). 


Yak-120M In 1954 one of the 
Yak-120 prototypes was modified 
into this experimental interceptor. 
The changes involved the airframe, 
engines, armament and systems. 

The engines were changed to the 
AM-9A (after Tumanskii’s takeover, 
redesignated RD-9A). These were 
derived from the AM-5A but with a 
zero-stage on the compressor, making 
nine in all, developed to handle greater 
airflow (43.3kg/s instead of 37.5). 
Instead of a plain jetpipe the engine 
was fitted with an afterburner, with a 
variable nozzle, which almost doubled 
the engine’s length and increased its 
dry weight from 624kg (1,376lb) to 
695kg (1,532Ib). Maximum takeoff 
rating was increased to 2,650kg 
(5,842lb) dry and 3,250kg (7,1651b) 
with maximum afterburner. 

The cowlings and nacelles were 
redesigned, as well as being length- 
ened, and their attachments to the 
wing were strengthened. The flap 
angle for takeoff was reduced from 
20deg to 10deg. The full-chord fence 
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was increased in height by 50mm (2in) 
and moved 250mm (9.8in) towards the 
tip. A 22kg (48.51b) anti-flutter mass 
was added in the leading edge of each 
wingtip at the root of the PVD (instru- 
mentation boom). 

The radar was changed to the 
Sokol-M, linked with a sight suitable 
for use with either guns or spin-stabi- 
lized rockets. In the fuselage between 
Frames 9A and 17 were installed large 
containers for ARS-57 (2/in calibre) 
and TRS-190 (7.48in calibre) heavy 
spin-stabilized rockets. To accommo- 
date these, various equipment items 
were rearranged, and the fuel tanks 
modified, the bottoms of Tanks 1, 3 
and 4 being inclined and Tank 2 made 
in left/right parts. Despite this, the 
fuel capacity was hardly altered. 

Though fundamentally a subsonic 
aircraft, the Yak-120M played an 
important role in the development of 
newer interceptors to meet the PVO’s 
upgraded TTT  (tactical-technical 
requirements) which in 1954 first 
called for level-supersonic perfor- 
mance. There was no intention to put 
this aircraft into production. 


Yak-120MF In 1956 a Yak-120M 
was further modified into this engine 
testbed. Its main task was to flight-test 
the RD-9F engine, with a maximum 
afterburning thrust of  3,800kg 
(8,384Ib). 


Yak-125 In the course of the impor- 
tant year 1951 the Yakovlev OKB 
launched no fewer than seven projects, 
including the Yak-120 from which 
they all stemmed. The 125 was an 
experimental frontal reconnaissance 
aircraft, created in parallel with the 
Type 120 interceptor under a Ministe- 
rial Council decree of 10 August 1951. 
Geometrically the two aircraft were 
virtually identical, though the nose 
was skinned with D16 instead of glass- 
fibre. Its interior was devoted to recon- 
naissance cameras. A_ typical fit 
comprised either a fan or pivoted 
AKA-FU-33/100M, AFA-33/75M 
and AFA-33/50M cameras for for- 
ward and/or lateral oblique photogra- 
phy, and a vertical AFA-33/75M and 
AFA-22/50M. Schemes existed for 
noses extended in length or with 
bulges underneath. The navigator 
controlled the photographic runs 
using an OBP-1R optical sight. 
Armament comprised one NR-23 
with 80 rounds on the right side of the 


nose, aimed by the pilot using a PKI 
optical gyro sight. Fuselage fuel was 
increased to 3,925 litres (863gal), 
supplemented by a 675-litre (148.5gal) 
external tank scabbed on under the 
fuselage. Equipment included 
RSIU-3M radio, ARK-5 radio com- 
pass, Materik blind landing, SRO IFF, 
RV-2 and RV-10 radar altimeters, 
DGMK-3 remote compass, an NI- 
50B navigation indicator and SPU-2R 
intercom. An AK-2 course device (in 
effect yaw damper) maintained the 
established heading following failure 
of an engine. 

The OKB-115 prototype shop 
delivered the Yak-125 in August 1952, 
and Volkov began the Factory flight 
programme on 26 August. These 
required seventy-nine OKB flights 
(83hr 25min), which were not com- 
pleted until 3 October 1953, as well as 
eighty-two flights (82hr 18min) on NII 
and LII test by Anokhin and Ya I 
Vernikoy. State NII-VVS testing took 
place between 25 December 1953 and 
26 February 1954, the conclusion 
being that the aircraft was generally 
superior to the existing MiG-15Rbis 
and II-28R, but handicapped by the 
navigator’s limited field of view either 
direct or via his sight. Obviously, the 
navigator and cameras ought to 
exchange places. An order was placed 
for a small batch of modified aircraft. 
Data where different: 





Loaded weight (first) 9,630kg (21,230Ib), 
(NI-VVS test) 9,177kg (20,23 11b). 

Maximum speed 1,110km/h (690mph) at 
5,000m, 1,052km/h (654mph) at 10,000m; ser- 
vice ceiling (maximum internal fuel only) 
14,140m (46,391 ft); range with external tank (at 
12,000m) 3,040km (1,889 miles). 


Yak-125B In January 1954 Yakovlev 
was ordered by a Ministerial decree to 
develop from the Yak-125 a Special 
Purpose bomber, this meaning an air- 
craft able to carry tactical nuclear 
weapons. It was to be used to take out 
the enemy’s anti-air defence system 
and then attack selected frontline 
targets. 

The forward fuselage was redesigned 
to locate the second crew-member, 
now the navigator/bomb-aimer, in a 
new cabin in the nose. Thus the pres- 
sure cabin started at the nose, the 
navigator’s station extending back to 
Frame 6 and the pilot’s cockpit 
remaining as before between Frames 6 
and 10, but with a short canopy hinged 
upwards at the junction with the spine. 








Yak-125 reconnaissance version prototype. (Yefim Gordon Archive) 


The nose compartment had an opti- 
cally flat oblique front window of 
silicate glass, with a blown hemispher- 
ical nose of organic glass and eight 
lateral windows. A roof hatch was pro- 
vided between Frames 2 and 5. 

An internal bay for the nuclear 
weapons was added between Frames 
17 and 19. The undercarriage was 
completely redesigned: the nose unit 
had twin steerable and braked wheels 
with 660 by 200mm tyres, and the 
main unit, with 660 by 220mm tyres, 
was moved back to Frame 29. The 
nose contained the OPB-5P optical 
bombsight and the RBP-3 sight form- 
ing part of the RMM-2 Rubidiy (ruby) 
navigation and bombing radar. The 
radar’s transmitter, receiver, modula- 
tor and antenna were in a fuselage 
bay between Frames 10 and 14, the 
antenna having a bulged dielectric 
fairing. The IFF remained the orig- 
inal SRO, with a vertical blade on the 
spine. A long strake antenna was added 
on the right side of the fuselage from 
wing to tail, and the underfin was 
retained under the tailcone. 

The Yak-125B completed OKB 
testing in 1955, but was taken no fur- 
ther. It was judged not fully to meet the 
upgraded requirements, and in any 
case by this time Yakovlev had devel- 
oped supersonic aircraft to accomplish 
this mission. 


Yak-25R By 1954 it was clear that the 
Yak-125 could be developed into an 
improved reconnaissance _ aircraft. 
Yakovlev assigned N G Kolpakov as 
chief engineer, and F L Abramov as 
test pilot. The prototype Yak-25R was 


a rebuilt Yak-25M, with unchanged 
wing, engines and undercarriage. The 
navigator/operator was moved to the 
nose into a workstation similar to that 
of the Yak-125B but with extra rear 
side windows. The camera installa- 
tions were in the nose and under the 
pilot’s cockpit. Armament comprised 
one NR-23 on the right side, and fur- 
ther back was a strake antenna as on 
the Yak-125B. The IFF was the newly 
developed SRO-2, with three-wave- 
band rod antenna above the nose. 
The VVS decided to stay with the 
available I?’yushin II-28R, and wait 
for the imminent development of a 
definitive Yakovlev supersonic recon- 
naissance aircraft. For operational 
experience a small series of ten 
Yak-25R were delivered. Data differ- 


ences: 





Loaded weight 9,840kg (21,6931b). 
Maximum speed 1,080km/h (671mph) at 
9,000m. 


Yak-25MR Based on the Yak-25M, 
this Morskoi (maritime) reconnais- 
sance aircraft was modified ahead of 
the front pressure bulkhead at Frame 
6. The nose, only part dielectric, con- 
tained a ‘special radar’, SPRS-1, and a 
single forward oblique reconnaissance 
camera. 


Yak-25MSh In 1957 chief engineer 
V F Ivashkevich managed the conver- 
sion of Yak-25 and Yak-25M aircraft 
into unmanned targets. Some flew pre- 
programmed missions, but most were 
remotely piloted. Those on missile test 
carried armoured cameras. 


Yak-25K In 1954 Ministerial decree 
ordered the development of various 
classes of guided missile, partly by 
established aviation OKBs and partly 
by new bureaux created for the pur- 
pose. In the field of air-to-air missiles 
OKB-2 was formed under D Grushin 
to create kompleks (systems) K-5, K-6 
and K-51; OKB-4 was formed under 
M R Bisnovyat to create K-8 in both 
BR (beam-riding) and SAH (semi- 
active homing) versions, and OKB- 
134 was formed under I I Toropov to 
create K-7 in BR and SAH versions 
and also K-75. The detailed terms of 
the decree were issued on 30 Decem- 
ber 1954, and the MAP (Ministry of 
Aviation Industry) followed with con- 
tractual documents on 5 November 
1955. Each kompleks involved an air- 
craft OKB, a radar OKB and a missile 
OKB. 

To provide interceptors to carry the 
new weapons, contracts were placed 
with every fighter OKB. In Yakovlev’s 
case the obvious carrier aircraft on 
which to test missiles was the Yak- 
25M. The first new kompleks to 
become available was the K-5, on 
which Grushin had been working 
previously. The first missile in this 
system to be developed was the BR 
type, with service designation RS-1U. 
This was first matched with a small 
interceptor, the MiG-17PFU. In 1955 
testing began on a modified Yak-25M 
forming part of kompleks Yak-25K-5, 
the aircraft itself being designated 
Yak-25K. 

The radar was removed and 
replaced by the smaller low-power 
RP-1 Jzumrud, its twin antennas 
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Yak-25R series aircraft. (OKB) 


being housed inside the unchanged 
dielectric nose radome. Under the 
inner wings were added pylons with 
APU-4 interfaces for a total of four K- 
5 missiles. The guns and magazines 
were removed and the attachments and 
blast channels faired over. Testing 
began in 1954 using inert missiles, fol- 
lowed by rounds with different stan- 
dards of ‘breadboard’ guidance. From 
1955 the K-5 missile was delivered in 
series, as product M and later product 
i in 
RS-1U and RS-2US forms. Most 
equipped MiG interceptors, but a few 
entered training service on a small 
batch of Yak-25K series aircraft. 
The ASCC called these missiles by the 
name ‘Alkali’. 


papi 
“ 3 2 


Yak-25K-8 (two K-8 missiles). (Yefim Gordon Archive) 


Yak-25K-75 The aforementioned 
Ministerial and MAP documents led 
to the conversion of the Yak-25K, 
No. 1608, into a testbed for the K-75 
kompleks, developed by OKB-134. 
The main changes were to modify the 
pylon interfaces and wiring to match 
the Type ‘129 missiles, install a mod- 
ified /zumrud radar together with an 
ASP-3NM optical sight, and add an 
AUPT automatic fuel feed system. 
Factory tests of the kompleks took 
place in twenty-three flights from 5 
March to 10 July 1956, the pilots being 
Abramov and Ye N Pryanichnikov 
and the navigators G N Ulekhin and 
V N Makarov. Missiles were fired 


at altitudes from 5 to 12km, lock-on 
targets being 


Il-28 


range against 


7-7.5km. Results were generally good, 
but no production was ordered. Data 
differences: 


Weight loaded (four missiles 324kg, fuel 
2,650kg) 8,830kg (19,4661b). 

Maximum speed 1,000km/h (621mph) at 
5,000m, 950km/h (590mph) at 10,000m; climb 
to 5,000m, 2.5min; to 10,000m 6min; service 
ceiling 13,600m (44,619ft). 


Yak-25K-71 The K-71 was a longer 
and heavier version of the K-7, so 
the Yak-25 testbed carried only two 
missiles, one under each inner wing. 
The aircraft was based on the Yak- 
25K-75. 


Yak-25K-8 In late 1956 M R 
Bisnovat’s OKB-4 achieved clearance 











































































































Yak-25RK 











for flight test of the K-8, a missile 
developed in several forms with either 
SAH or IR (infra-red) guidance. Four 
interceptors were used for testing, two 
by Sukhoi and two converted Yak- 
25K, Nos. 0119 and 1110. Each was 
modified in OKB-339 (main designer 
G Kunyavskii). Conversion included 
installing Soko/-2K radar and single 
pylons under each inner wing. The 
shape of the pylons and interfaces 
differed, aircraft 1110 having a pylon 
sloped from the wing leading edge to 
the nose and 0119 having a trapezium 
form with constant section to a sloping 
nose. Some documents call 1110 Yak- 
25S/K-8, the S indicating a serial 
(production) aircraft. 

The two Yak-25K-8 testbeds made 
111 flights, in which forty-two missiles 
were fired. All were K-8T missiles 
with IR guidance of S1-U type and 
fragmentation warheads. Results were 
excellent, and the missile was pro- 
duced in four major sub-types. These 
were used on the Mikoyan I-75, Yak- 
27 and, in PVO service, several Sukhoi 
aircraft. The ASCC called these mis- 
siles ‘Anab’. 


Yak-25RV Existence of the 
Lockheed U-2 was a factor in trigger- 
ing development of a special Yak-25 
version to fly reconnaissance missions 
at extreme altitudes. The designation 
derived from Razvedchik vysotnyi, 
reconnaissance high-altitude. The 
OKB received a development order in 


late 1957, and assigned V A Zabora as 
chief engineer and V P Smirnov as 
chief test pilot. 

The obvious new feature was a 
totally different wing, without sweep- 
back and with a dramatic increase in 
span. Design load factor was halved, 
though the form of the structure was 
unchanged. Of necessity the slotted 
flaps and inset ailerons were of com- 
pletely new design, and no fences 
were needed. The wing was mounted 
shoulder-high on a largely redesigned 
fuselage, with a metal-skinned nose 
carrying a long PVD air-data boom, 
single-seat pressurized cockpit with an 
upward-hinged canopy and three very 
large fuel tanks filling almost the entire 
cross-section. Fuel was also carried in 
four wing tanks, the total being 4,750 


Yak-25RV first prototype. (OKB) 
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litres (1,045gal). The tail remained 
swept, but the fin and rudder were 
increased in height and area, the ven- 
tral fin being removed, and the 
tailplane given variable incidence 
driven by an electro-hydraulic power 
unit. The wingtip outrigger landing 
gears were redesigned to retract for- 
wards into pods extending far ahead of 
the wingtips. 

The engines were the R-11V-300, a 
special version of the R-11. This was 
developed by S K Tumanskii from the 
AM-5 and AM-9 (RD-9) used in all 
preceding Yakovlev twin-jet aircraft. 
Unlike the earlier engines it had two 
shafts, the low-pressure compressor 
having three stages and the high-pres- 
sure spool five; maximum airflow was 
initially 63.7kg/s. The R-11V-300 was 
the first version to be tested, in 1953, 
and it was flight-cleared in 1954 at a 
thrust of 3,900kg (8,600Ib). Subse- 
quently other versions of the R-11 
were to become standard in all 
Yakovlev’s later twin-jets derived from 
the Yak-25. In the Yak-25RV the 
engine nacelles extended much further 
ahead of the wing, and the oil radiator 
occupied a prominent duct under- 
neath. 

Special provisions were made for 
the pilot. The cockpit pressure differ- 
ential was increased, refined tempera- 
ture control provided, an SKG-7 
gazifikator was installed to provide 
gaseous oxygen, and the pilot 
equipped with an SI-3M pressure suit 
and helmet. In addition to the usual 
navigation systems, such as ARK-9 
radio compass, MRP-56P marker 
receiver and SOD-57M_ selective- 
identification (for air-traffic control), a 
DAK-I-1 astrocompass and GIK-1 
earth-inductor compass (with NAI-1 
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Yak-25RV series aircraft. (Yefim Gordon Archive) 


automatic course-correction) were 
provided, and the SRO-2 IFF system 
was extended to have pairs of antennas 
in two broad and distinct wavebands, 
with a radiolocation capability. The 
radio was RSIU-4V, with a blade 
antenna ahead of the windscreen. The 
PVD instrumentation boom was on 
the nose, and series aircraft could also 
carry twin rod antennas. There was 
provision for various fits of cameras 
and, later, other sensors. 

The prototype, with callsign Red 
75, was assembled at LII and Factory- 
tested by Smirnov from 1 March to 29 
May 1959. ‘Testing was shared with 
LH pilot A A Shcherbakoy. There 
were a few problems, the most serious 
being repeated engine flameout due to 
the low atmospheric pressure at 
extreme altitudes. Another was that, 
without extending the undercarriage, 
it was extremely difficult to lose alti- 
tude. Occasionally the flying controls 
froze, as on a 5hr 30min flight by LII 
pilot B V Polotnikov on 10 April 1961. 
On 13 July 1959 Smirnoy set an FAI- 
observed record lifting a load of 1 
tonne to 20,456m (67,113ft), and on 29 
July he took a load of 2 tonnes (4,4091b) 
to 20,174m (66,1 88ft). 

The VVS were not wholly satisfied 
with the achieved performance, and 
with the occasional problem caused 
by the high-altitude environment, 
but NII-VVS testing was uneventful 
and eventually 155 series aircraft were 
delivered in 1961-65 from Factory 
No. 99 at Ulan-Ude. On 11 August 
1965 Marina Popovich set a women’s 
record over a 2,000-km circuit at 
753.048km/h (467.9mph), using a 
series aircraft. On 18 September 1967 
she set a further women’s record fly- 
ing a closed circuit of 2,497.009km 
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(1,551.6 miles). The ASCC called the 
Yak-25RV ‘Mandrake’. 


Span 23.4m (76ft 9%in); length (including 
PVD) 17.17m (58ft 1%in); wing area 51.5sq m 
(554sq ft). 

Weight empty 
3,680kg (8,113Ib); 
9,950kg (21,936lb). 

Maximum speed 500km/h (311mph) at sea 
level, 870km/h (541mph) at 11,000m; service 
ceiling 20,500m (67,260ft); range 3,500km 
(2,175 miles). 





6,175kg 
normal 


(13,613lb); fuel 
loaded weight 


Yak-25RV-I Developed in 1958, 
before the prototype Yak-25RV had 
been built, this pilotless version, 
guided by a pre-programmed auto- 
pilot, was developed to serve as a 
reconnaissance platform to overfly 
dangerous targets or as a manoeuvring 
target for air-to-air interceptions at 
extreme altitudes, pasrticularly by 
SAMs and AAMs. Remarkably, since 
all unnecessary equipment was 
removed, the first RV-I had an empty 
weight heavier than the production RV 
aircraft, empty and loaded weights 
being respectively 6,285kg and 
9,935kg. The cause lay in the weight of 
the extensive guidance equipment 
based on a pre-programmed autopilot, 
together with telemetry, and, in the 
target mission, high-speed cameras 
and miss-distance indicators. State 
tests were completed in 1961 and a 
small batch of series aircraft were 
delivered from Ulan-Ude in parallel 
with the Yak-25RV. In August-Sep- 
tember 1962 Yak-25RV-I No. 0302 was 
subjected to control testing. It proved 
to be lighter than the prototype: 





Weight empty 6,043kg (13,322Ib); loaded 
weight 9,693kg (21,3691b). 


Yak-25RV-II The RV-II, callsign 


Red 76, was a remotely piloted version 


for use in various high-altitude mis- 
sions, especially as a target for missiles. 
Its flight was controlled by an AP-28 
autopilot with a radio command link to 
a pilot in a specially equipped Yak-30 
trainer. It was equipped with duplicate 
whip antennas for telemetry. 


Yak-25RR At the end of the 1960s 
several Yak-25RV_ aircraft were 
equipped for sampling the atmosphere 
at high altitudes, especially to detect 
radioactive radiation from nuclear 
tests. Under each outer wing was 
added a pylon carrying a filtration gon- 
dola of type PP8311—100. 


Yak-25RRV In 1968 a Ministry 
decree called for this Elint (electronic 
intelligence) version. Between 9-26 
October 1971 a converted Yak-25RR, 
No. 25991201, passed ground and 
flight testing carrying Iris Wave-S 
underwing gondolas for detecting and 
recording emissions over various 
wavelengths. Each package had bleed- 
air pressurization and heating, and was 
under pilot control. 


Yak-25PA The final Yak-25 variant 
was this intended modification of the 
Yak-25RV as an interceptor of strato- 
spheric balloons, which were being 
launched by the American CIA (Mya- 
sishchyev developed the Type 34 
Chaika for the same purpose). In 
August 1971 the OKB produced draw- 
ings of an armed aircraft with a wing 
enlarged to 58sq m (624sq ft), for 
destruction of balloons up to an 
altitude of at least 19,400m (63,650ft). 
It was never built, because the 
R-11V-300 engine proved inadequate 
for the purpose. 





Yak-26 





Though some versions (such as the 
Yak-25RV) were not realized until the 
end of the decade, by 1954 the Yakovlev 
OKB had put together several major 
advances which opened the way to 
aircraft much more capable than 
the original Yak-120. Among these 
advances were a redesigned forward 
fuselage with a pressure cabin housing 
the navigator in the nose and the pilot 
in a single-seat rear cockpit. A second 
was a new undercarriage, with the main 
unit further back and more weight 
placed on the steerable nose gear which 
was provided with twin wheels. A third 
was the introduction of more powerful 
engines, such as the afterburning 
AM-9F (later redesignated RD-9F) 
and the next-generation R-11. 

To these developments the OKB 
now added others, including aero- 
dynamic changes which made possible 
supersonic speed in level flight. In 
1955 prototypes were produced of the 
Yak-121 interceptor, the Yak-122 
reconnaissance aircraft and Yak-123 
bomber. All were to prove to be 
interim designs, the bomber being 
built in a small series of ten as the 
Yak-26 and the other two leading to 
versions of the Yak-27. 


Yak-123 This prototype, completed 
in 1955, was later designated the 


fak-26—1. It was a light frontal (front- 

line or tactical) bomber, based on the 
Yak-125B. Compared with that air- 
craft it had a thinner wing, with a 
thickness/chord ratio of only 4.2 per- 
cent at the root where the chord was 
increased both by reducing trailing- 
edge sweep to zero (as before) and 
sharply increasing the sweep angle of 
the inboard leading edge. The ratio 
over the rest of the wing was 5-5.2 
percent. 

The engines were the RD-9AK, 
without afterburner but uprated to 
2,800kg (6,173Ib), and installed in 
redesigned nacelles with sharp-lipped 
inlets and improved secondary cooling 
flows. The fuselage had a pointed ogi- 
val metal nose with a navigator station 
having three large and one small win- 
dow on each side and a sharply raked 
elliptical, optically-flat front window 
for bomb aiming. The pilot’s wind- 
screen was made elliptical and sloped 
at a greater angle. Fuel was housed in 
six tanks, all in the fuselage, but leay- 
ing space under the wing for a bomb 
bay housing 1,200kg (2,646lb). 

The navigator had the use of an 
OPB-11 optical sight and a PSBNM 
radar, the display/sight being in the 
nose and the main radar racking being 
under the floor of the pilot’s cockpit, 
with the rotating antenna in a bulged 
radome. The undercarriage was of the 
new type introduced on the Yak-125B, 
and another feature repeated was the 
long strake antenna for Chaika (Loran) 
from wing to tailcone. 


Yak-26, third prototype with radar and twin nosewheels. (OKB) 
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Yak-26-1 Kolpakoy, Ivashkevich and 
B B Solov’yov led the design teams, 
and Volkov remained chief test pilot. 
The Yak-26-1, callsign 50 painted in a 
pale colour, first flew in mid-1955. It 
was the first supersonic light tactical 
bomber in the world (the II-54, flown 
a few weeks earlier, was in a heavier 
class), but it was not submitted to 
NII-VVS testing because it exhibited 
defects. The most serious were aero- 
dynamic and control deficiencies, 
including dangerous instability at high 
AOA (angle of attack) and degraded 
lateral control caused by aileron rever- 
sal at heights between 4,000 and 
6,000m (13,000-20,000ft). It was also 
considered that the navigator’s field of 
view was inadequate in comparison to 
that from the Tu-105, predecessor of 
the Tu-105A and Tu-22, which had 
the radar in front of the navigator 
station. 

The Yak-26—-1 was modified (des- 
cribed later) to improve lateral control 
to the point where it could be sub- 
mitted for NII-VVS testing. The 
Yak-26-3, callsign 54, was completed 
without radar; later it was fitted with 
much longer nacelles housing after- 
burning RD-9F engines, with a maxi- 
mum thrust of 3,800kg (8,377Ib), and 
these engines were then made standard 
on the Yak-26. 

By early 1956 the Yak-26—-1 had 
been modified. To improve the naviga- 
tor’s field of view the entire nose was 
glazed except for the top. As an exper- 
iment in defensive armament a NR-23 
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Yak-26-1 improved (new nose, RD-9F engines, pilot periscope, wing dogtooth). (OKB) 


23mm gun was installed in the tail- 
cone, with limited elevation and tra- 
verse under the control of the pilot, 
who aimed using an _ aft-facing 
periscope built into the top of his 
canopy. 


Yak-26 modified The first and 
third prototypes were used to develop 
improvements intended to solve the 
stability and control problems. The 
most important modifications were to 
redesign the tailplane as a primary 
control surface, driven by an irre- 
versible electro-hydraulic power unit, 
and to redesign the outer wing ahead 
of the front spar to have extended 
chord and a drooped leading edge. 
In 1956 the modified Yak-26-3 
was jointly tested by OKB-115 and 
the LII, with encouraging results. 
Together with the Yak-121, the im- 
proved Yak-26—1 took part in the 
June 1956 Aviation Day flypast over 
Tushino, accordingly receiving the 
ASCC name ‘Flashlight-B’. 

In 1957 the Yak-26—1 was NII-VVS 
tested in what was considered its defin- 
itive form. The outer-wing leading 
edges were drooped, and a dogtooth 
added at the inner fence with the chord 
outboard of this point increased by 
100mm (3.9in). Lateral control was 
redesigned, spoilers being added on 
the underside of the outer wings and 
the ailerons reduced in span to stop 
1.3m (5lin) from the tip, fitted with 
improved mass- and aerodynamic- 
balance, and with downturned sharp 
trailing edges, the left aileron having 
an electrically driven trimmer. The 
powered tailplane was improved, the 


tail gun replaced by a braking para- 
chute (the pilot’s periscope being 
removed), RD-9F engines installed 
and the nose again modified with 
different glazed panels and a PVD 
boom on the tip. Other modifica- 
tions included fitting dual-signal 
anti-skid wheelbrakes and a warning 
system triggered at a critical value 
of AOA. 

The definitive Yak-26—3 was tested 
by Volkoy for the OKB and by 
Anokhin for the LII. They considered 
it ‘suitable for pilots of average qualifi- 
cation’. Ten Yak-26s were built, for 
development and crew training, but 
though the definitive aircraft was 
passed for production it had by 1957 
been overtaken by the more powerful 
Yak-129, and this led to the bomber 
actually built in quantity. 





Dimensions as before, except length 20.15m 
(66ft 1%in). 

Weight empty 7,295kg (16,082lIb); fuel 
2,875kg (6,338lb); maximum loaded weight 
11,500kg (25,3531b). 

Maximum speed 1,400km/h (870mph, Mach 
1.32) at 11,000m; climb to 5,000m, 2.5min; ser- 
vice ceiling 15,100m (49,540ft); range 2,050km 
(1,274 miles). 


Yak-122 The prototype of this 
supersonic reconnaissance aircraft — 
the first in the world — was constructed 
at OKB-115 alongside the Yak-123 
bomber version. Outwardly the two 
aircraft looked similar, apart from the 
Yak-122 having a single nosewheel, 
no radar and a different pointed nose, 
with a metal tip and roof and the rest 
glazed by ten almost identical tapered 
curved windows. Equipment included 
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Yak-122, the first supersonic reconaissance aircraft. (OKB) 


RD-9AK engines, camera installations 
in the nose and centre fuselage, a 
single NR-23 gun on the right side 
of the nose, and the long Chaika 
antenna along the right side of the rear 
fuselage. 

The prototype Yak-122, callsign 45, 
was factory-tested in 1955. Customer 
pressure for the introduction of 
new supersonic aircraft was greater 
for interceptors and bombers than for 
reconnaissance aircraft, where the 
I]-28R was considered adequate until 
the late 1950s. Accordingly the Yak-122 
was further developed into the 
Yak-27R. 











Yak-27 








Though the only version of this fam- 
ily to be built in series was the Yak-27R 
reconnaissance aircraft, developed 
from the Yak-122, the true prototype 
Yak-27 is regarded as the Yak-121 
‘Improved interceptor’. This is despite 
the fact that it lacked important fea- 
tures, such as the improved wing 
which was later tested on the Yak-26-1 
and -3. As before, Volkov was 
appointed chief test pilot on Yak-27 
versions, but the chief engineer was B 
B Solov’yov. 


Yak-12] improved interceptor, the first Yak-27 prototype. (Yefim Gordon Archive) 


Yak-121 This prototype represented 
an intermediate stage between the 
original Yak-25 and 25M interceptors 
and the supersonic Yak-28P. Many 
features were exactly as on the Yak- 
25M, including the outer wings, rear 
fuselage, tail and undercarriage. New 
features included the pointed ogival 
radome, elliptical windscreen, length- 
ened fuselage, and armament of two 
NR-30 guns, which though firing a 
lighter projectile than the N-37 had a 
rate of fire of 900 rounds/min com- 
pared with 250. The engines were RD- 
9AK, rated at 2,800kg (6,1731b); these 
were among the first RD-9 versions to 
have the accessories moved under- 
neath to suit the underwing-gondola 
installation. 
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Yak-27 series interceptor. (OKB) 


The Yak-121, callsign Red 55, was 
constructed at OKB-115 in 1955 and 
factory tested by Volkov in winter 
1955-56. Together with the modified 
Yak-26-1 it was included in the June 
1956 Aviation Day flypast at Tushino, 
receiving the ASCC reporting name 
‘Flashlight-C’. 


Yak-27 In order to assist develop- 
ment, and provide useful aircraft for 
crew training, the VVS/PVO decided 
in 1955 that Factory No. 292 at Sara- 
tov should build a small series of ten 
interceptors to the latest standard. 
These were constructed in parallel 
with the ten Yak-26 bombers, and were 
delivered in 1957. 

Compared with the Yak-121 they 
had many new features. The engines, 
housed in longer nacelles, were the 
RD-9F, which had been tested on the 
Yak-120MF, with a maximum after- 
burning rating of 3,800kg (8,377Ib). 
Fuel was housed in four fuselage 
tanks, with capacities of (No. 1) 585 
litres, (Nos. 2 and 3 interlinked) 1,200, 
and (No. 4) 1,465 litres, a total of 
3,250 litres (715gal). The outer wings 
were of the modified type with 
extended-chord drooped _ leading 
edges, spoilers and shortened ailerons. 
The tailplane was of the all-flying 
variable-incidence type, the elevators 
serving only to increase camber. The 
tailcone housed twin PT-5240-57 
brake parachutes. The nose carried 
the Sokol-K radar, able to operate 
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with either guns or missiles, and the 
radome was again modified in profile 
and fitted with the long PVD boom 
at its tip. Two generators charged the 
twin 12SAM-28 batteries, and avionic 


equipment included RSIU-3MGV 
radio, MRP-48P marker receiver, 
GIK-1 gyrocompass, twin RV-2 radar 
altimeters, ARK-5 radio compass, 
the new Sirena (siren) radar warning 
receiver, Khrom-Nikel SRO-2 IFF 
with triple rod antennas, and SPU-2 
intercom. 

Another new item was a secure data 
link to the Gorizont-1V (horizon) 
ground/air guidance system, based on 
the national air-defence radar net- 
work. Not least, while five aircraft had 
twin NR-30 guns, the others had 
armament changed to a single NR-23 
gun on the starboard side and two 
retractable boxes of spin-stabilized 
rockets of types TRS-85 (60 rounds) 
or TRS-190 (four). These were an 
improved form of the rocket arma- 
ment tested on the Yak-120M, with 
the later 85mm (3.35in) weapon and a 
rapid-action drive to extend and 
retract in less than one second. 

Saratov factory test pilot Chuvin 
tested aircraft 0201 in July 1957. Air- 
craft 0102 confirmed handling quali- 
ties on one engine, and 0204 was used 
to test the modified wing. Aircraft 
0503 was tested by A G Afanasyev and 
K Rozshkov on 12-27 April 1958, and 
between 28 April and 3 June 1958 
Ermolov and Kashyrin tested 0104 and 
Rozshkov and Chuvin tested 0204. 


Factory testing included performance 
and handling with aileron and elevator 
boosters switched off. 

Though OKB-115 went on to build 
the Yak-27K armed with guided 
missiles, the Yak-27 was outclassed in 
performance by smaller Mikoyan and 
Sukhoi interceptors. This is referred 
to in the note on the Yak-27K. The 
OKB continued development, result- 
ing in production of interceptor ver- 
sions of the Yak-28. 





Dimensions unchanged. 

Weight empty 7,545kg (16,634lb); fuel 
2,665kg (5,875lb); maximum loaded weight 
10,530kg (23,2141b), later 10,680kg (23,5451b). 

Maximum speed (maximum dry, MIL, 
power) 1,110km/h (690mph) at 8,200m, (after- 
burner) 1,270km/h (789mph, Mach 1.196) at 
8,300m; maximum Mach number, 1.25 at 
10,500m; service ceiling (at 10,680kg) 16,300m 
(53,478ft); range 1,300km (808 miles). 


Yak-27K The K-8 prototype was 
built at OKB-115 to test the Soko/-2K 
radar/sight and Biesnovat K-8 guided 
missile, which in a parallel programme 
was tested on two Yak-25K aircraft. 
The Yak-27K had a shorter nose 
radome, outer wings with the origi- 
nal leading edge, RD-9F engines and 
powered tailplanes. The prototype, 
callsign 58, had no PVD nose boom, 
but the small number of series air- 
craft and conversions from Yak-27 
had a PVD-7 with pitch/yaw vanes. 
Like the Yak-25K, a single missile was 
carried under each inboard wing, on 
a PU-1-8 pylon and interface. Data- 
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Yak-27K series aircrafi. (OKB) 


links were provided to the nationwide 
zdukh-\ (Air-1) electronic defence 
system. 

This aircraft underwent OKB-115 
factory tests between September and 
November 1956. It was then fitted 
with the extended-chord and drooped 
leading edge and tested at LII in May- 
June 1957. In each series of tests the 
pilot was Volkov. Three of the produc- 
tion Yak-27 aircraft were fitted with 
the K-8 missile system, and these were 
tested at Saratov. A total of seventy- 
four flights were made, including 
thirty-seven with missiles, in the 
course of which seven rounds were 
fired. Four were launched against 
PM-1 IR/radar emitting — targets 
descending on parachutes and three 
against remotely controlled [I-28 air- 
craft, the latter being manoeuvring 
targets engaged at 9,000—10,000m alti- 


tude from a range of 5—6km. In these 
tests the radar was the Soko/-2K, and 
detection range against an [I-28 was 
found to be 33—35km, and lock-on 
range 23—30km. 

The Yak-27K performed satisfacto- 
rily, but by 1958 it had been decided to 
equip PVO regiments with the faster 
single-seat Su-9-51, and then to 
replace the K-51 kompleks of this air- 
craft with the K-8 missile in the 
Su-1l. This gave Yakovlev time to 
continue development of more power- 
ful missile-armed interceptors. 


Yak-2TV Partly in answer to British 
mixed-power interceptors, in 1955 
the Council of Ministers decreed 
development of a single-seat, turbo- 
jet-plus-rocket interceptor with a 
service ceiling not less than 20,000m 
(65,617ft). The Mikoyan OKB-155 


was already working on such an air- 
craft as the Ye-50. On 25 August 1956 
the Yakovlev OKB-115 was tasked 
with building a second single-seat, 
mixed-power interceptor, to reach 
24,000-25,000m (82,000ft), and to 
have an endurance under full power at 
20,000m of three minutes. 

The TTT (tactical-technical re- 
quirements) were issued on 16 Noy- 
ember 1956, together with the service 
designation Yak-27V. Equipment was 
to include an A/maz (diamond) inter- 
ception radar linked to an ASP-5NM 
optical sight, AP-28 autopilot with 
guidance link to either the Gorizont-1 
or Vozdukh-\1 ground guidance sys- 
tem, and armament of either guns 
or rockets. Guns were to be either 
two NR-30 or ‘other weapons firing 
13,000-15,000 shots per minute’ 
[this may be a misprint]. The rockets 
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Yak-27V with additional rocket booster. (Yefim Gordon Archive) 


were to comprise either fifty ARS- 
57M, or sixty TRS-85 or four TRS- 
190, in rapid-extension boxes. 

Chief engineer was V R Zabora, and 
the OKB test pilot G A Tinyakov. In 
addition LIT pilot V G Mukhin, who 
had tested the Ye-50-I, was consulted 
and in 1957 joined the Yakovlev team 
as chief Yak-27V pilot. Despite OKB 
reservations about the pressure cabin, 
autopilot and repeated independent 
engine start, the Yak-27V was pro- 
duced quickly by rebuilding the 
available Yak-121. The engines were 
replaced by the RD-9AKE, with 
special high-altitude combustion fea- 
tures. The rear fuselage was rebuilt to 
house the S-155 rocket engine, devel- 
oped by the OKB of L S Dushkin to 
give a thrust of 1,300kg (2,866lb) at sea 
level and 1,550kg (3,417Ib) at 
12,000m, operating on petrol (gaso- 
line) fuel and RFNA/HTP oxidant. 
Like other Dushkin engines, the S-155 
had been exhaustively static-tested. 

The fuselage was largely recon- 
structed, with a metal nose and with 
almost the entire centre and rear fuse- 
lage devoted to tankage. No less than 
3,085kg of the three rocket propel- 
lants could be accommodated, with an 
external feed pipe along the right side, 
together with nitrogen pressurization 
and purging systems. Fuel for the 
main engines was housed in the 580- 
litre Tank 1 and the 1,180-litres in 
combined Nos. 2 and 3. Special pre- 
cautions were needed to avoid conta- 
mination or reactions caused by the 
peroxide and nitric acid. The brake 
parachutes and rear cockpit were 
removed, the tailplane was fully pow- 
ered, the wing was given the extended 
and drooped leading edge, and special 
instrumentation and telemetry were 


installed. The 
remained. 

Because of his experience, Mukhin 
made the initial tests. These were 
flown at LII between 26 April 1956 and 
3 July 1957. He wore the SI-3M pres- 
sure suit and helmet, developed for 
spaceflight in the OKB of factory 
No. 918. Though stability at high AOA 
at extreme altitudes was poor, no 
serious problems were encountered, 
and performance was as predicted. At 
maximum power the rocket propel- 
lants lasted for 160 seconds, and at 
minimum power for 264 seconds. Sur- 
prisingly no inflight records are avail- 
able to check the OKB calculated 
times to 10,000m in Imin 18sec, to 
20,000m in Imin 46sec, to 22,000m in 
2min 31sec and to 24,000m in 3min 
21sec. The latter altitude proved unat- 
tainable. 

Closure of the Dushkin KB actually 
preceded the Ministerial decision to 
abandon mixed-power interceptors. 
None of the Mikoyan prototypes was 
built in series. 


two NR-30 guns 





Weight empty 7,415kg (16,347Ib); fuel and 
propellants 4,545kg (10,020Ib); loaded weight 
12,050kg (26,565Ib). 

Maximum speed 870km/h (54lmph) up 
to 9,000m (29,525ft), 940-960km/h (584— 
597mph) from 9,000-14,000m, above 14,000m 
(45,900ft) Mach 1.5-1.6 (1,595—-1,702km/h) at 
reduced rocket thrust, Mach 1.8 (1,913km/h, 
1,189mph) at full power; service ceiling 23,500m 
(77,100ft). 


Yak-27R The only version of Yak-27 
to enter series production was this 
reconnaissance aircraft, derived from 
the Yak-122. Chief engineer on the 
programme was S V Fofanoy, and chief 
test pilot F L Abramov. Features 
included RD-9F afterburning engines, 
the extended and drooped outer lead- 
ing edge, powered trimming tailplane, 
and undercarriage resembling a 
strengthened form of the Yak-25 type. 
The dubler (second prototype) intro- 
duced an important further modifi- 
cation in that the wing was extended 
beyond the tip pods, increasing the 
span, and while the inner fence was 
changed in shape and increased in 
height the outer fence was removed. 
As so many changes had taken place 
since the original Yak-120 it is helpful 
to insert a description of the Yak-27R. 

The wing retained the two-spar 
structure, with 4-chord sweep of 
45deg, incidence of +ldeg and 
anhedral of —5deg. The aerofoil profile 
near the fuselage was CAHI-P-53, 
with a thickness of 4.2 percent, chang- 
ing at the nacelle to S-12s 5.2 percent 
and to S-12s 5 percent at the tip. 
A single fence was located at 62 per- 
cent semi-span, outboard of which 
the leading edge was extended and 
drooped, including the added tip por- 
tion. The flaps were unchanged, but 
the ailerons were restored to their orig- 





Yak-27V showing installation of S-155 rockets. (Yefim Gordon Archive) 


Yak-27 
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Yak-27R series aircraft on factory test. (OKB) 





Yak-27R. 


























inal span so that they still stopped 
1.3m (51.2in) from the tip. They were 
driven by BU-8Yu irreversible boost- 
ers, giving feather-light control with 
no trace of control reversal except near 
the indicated-airspeed limit. 

The fuselage retained circular 
cross-section over most of its length, 
changing aft of Frame 34 to a vertical 








ellipse. The pressure cabin had a roof 
hatch for the navigator, two ventral 
photographic doors and, between 
Frames 6 and 10, an armoured electri- 
cally heated windscreen and sliding 
canopy for the pilot. The ejection seats 
both fired upwards, under direct man- 
ual control of the occupant, who had 
to jettison the roof hatch or canopy 


before the seat circuit could be armed. 
Each seat had an AD-3 automatic 
system to release the occupant after 
ejection. 

The two-spar fin structure was 
unchanged, sweep at 4-chord being 
54deg, and the upper and lower 
rudders having internal aerodynamic- 
and mass-balance and the lower rudder 


156 


YAKOVLEV AIRCRAFT SINCE 1924 





Yak-27R on test with wheel/ski main undercarriage. (Yefim Gordon Archive) 


having an electrically driven trimmer. 
The top section of both the fin and 
upper rudder was a glassfibre dielectric 
moulding housing antennas for the 
communications radio. The rudder 
was operated manually by rods and 
rocking levers, with the option of 
switching on the AK-2A automatic 
heading-hold, and the addition of 
the automatic application of correct 
deflection (controlled by the air-data 
system) following single engine fail- 
ure. The two-spar tailplane was also a 
strengthened version of previous 
structures, with -chord sweep of 
55deg. It extended beyond the eleva- 
tors, terminating in a hot-air anti-icing 
discharge pipe, and for trimming 
purposes was driven by an_ irre- 
versible power unit over the range 
Odeg/+4deg. The elevators, which had 
no trimmers, remained the primary 
control surfaces. They were driven by 
BU-8Yu irreversible power units, with 
emergency pneumatic drive. 

The engines were RD-9F (lst series 
up to aircraft 1010 and 2nd series 
thereafter), with unchanged dry and 
afterburning ratings of 2,600/3,850kg 
(5,732/8,488lb), the great length of 
gondola (nacelle) being dictated by the 
5.56m (18ft 3in) length of the engine 
itself. Fuel was housed in five flexible 
tanks located between Frames 10-14, 
14-17, 17-19, 19-24 and 24-28, the 
total capacity being 4,665 litres 
(1,026gal). From the 14th production 
series provision was made for two jet- 
tisonable auxiliary tanks, scabbed 
under the outer wing hung on a BDZ- 
56E bomb rack under the front spar, 
each with a capacity of 1,050litres 
(231gal). 





The main undercarriage was 
installed between Frames 19-24, 
retracting backwards. The levered- 
suspension axle carried two K'T-69/4 
wheels with anti-skid brakes and 880 
by’ 230mm tyres. The nose unit also 
retracted to the rear and had a levered- 
suspension fork, with an anti-shimmy 
damper, for a single wheel with a 600 
by 155mm tyre. The pilot steered via 
the pedals over a range +45deg, these 
limits being reduced to +12deg with 
the flaps at or beyond the takeoff set- 
ting. The outrigger gears near the 
wingtips also retracted backwards and 
had unbraked K2-90 wheels with 310 
by 135mm tyres. The tailcone housed 
twin PT-27 brake parachutes, released 
through two ventral doors and jetti- 
soned after use. 

Armament comprised a_ single 
NR-23 on the starboard side between 
Frames 5-12, with a magazine usually 
holding 50 rounds. Control was elec- 
tric, the circuit being blocked when 
the right-hand camera door was open, 
and ammunition electro-pneumatic 
feed. The pilot aimed using the PKI 
collimated optical sight. 

A special PV-2R7 optical sight was 
used for increasing the accuracy of 
photographic runs. Normally four 
cameras were installed, a forward 
oblique between Frames 4—6, a verti- 
cal topographic-mapping camera 
under Tank 5 between Frames 25-28 
and two vertical cameras between 
Frames 28-34. The forward oblique 
camera was usually an AFA-42/50, 
tilting about a horizontal axis from 
45deg-80deg and usable over the alti- 
tude band 2,000—10,000m. The fixed- 
axis mapping camera with overlap was 


usually an AFA-41/10. The two rear 
vertical cameras were AFA-37 up to 
the 12th series, after which even- 
numbered aircraft had an AFA-42/75 
and odd-numbered an AFA-42/100, 
able to swing left/right on an 
AKAFU-33M mount. All cameras 
were designed for use over the alti- 
tude band 1,000—16,000m at subsonic 
speeds or 2,000-14,000m at super- 
sonic speeds, with the proviso that in 
manoeuvres exceeding 3g the picture 
quality deteriorated. 

Communications radio in Series 
1-11 was the R-807 and the receiver 
the US-9DM; from the 12th series 
onwards these were replaced by the 
R-835, with a modified fin cap an- 
tenna, and the US-8. The command 
radio was the RSIU-4V on aircraft 
up to 0814; aircraft 0914 onwards had 
RSIU-5V. Other avionics included 
ARK-5 radio compass, MRP-56P 
marker receiver, RV-2 radar altimeter 
and RV-2PS-M with aural height 
warning, SRO-2 IFF with added 
Zarya (dawn) and Sirena tail-on radar 
warning, and SPU-2 intercom before 
the 8th series and SPU-7 thereafter. 
The air-data system was served by 
three long conical PVD-7 instrumen- 
tation booms. 

Electric power was generated by a 
GSR-ST-12000VT starter/generator 
on each engine, charging two 
12SAM-28 batteries. Two DC/AC 
transformers, a PO-1500 and a 
PO-750, provided 115V AC at 400 Hz. 
A third, a PT-125, provided a 
400-Hz supply at 36V for navaids, with 
a PT-70 as emergency backup. There 
were two hydraulic systems, each with 
a pump on each engine, with an 
emergency power link between them. 
One served the undercarriage, flaps, 
tailplane drive, nosewheel steering 
and engine nozzles, while the other 
served the aileron and elevator boost- 
ers. Failure of either system could be 
countered by transfer of power from 
that remaining. Three pneumatic 
systems operated at 120kg/sq cm 
(1,707lb/sq in): general, emergency 
and special emergency _ tailplane 
drive. The engine nacelle inlets 
and the leading edges of the wing and 
tailplane were anti-iced by 9th-stage 
bleed air, with a choice of automatic or 
manual control. Similar 9th-stage air 
energized the cabin environmental 
system, with a cold-air unit and heat 
exchanger. The crew wore VKK-2M 
high-altitude suits, and were supplied 
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Yak-129, the first prototype Yak-28. (Yefim Gordon Archive) 











with oxygen from a KKO-1M 
gaseous-bottle system. 

The Yak-27R prototype was first 
flown in 1958, and completed both fac- 
tory and NII-VVS testing the same 
year. By this time the Il-28R was 
regarded as obsolete, and accordingly 
the Yak-27R was ordered in series. The 
total built was 180 (though one recent 
document gives the total as 149), all 
delivered in 1958-61. They served in 
Frontal Aviation until they were pro- 
gressively replaced by the Yak-28R 
from 1964. The ASCC called the 
Yak-27R.‘Mangrove’. 





Span 11.7m (38ft 4%in); length 20.5m (67ft 
3in); wing area 32.25sq m (347sq ft). 

Weight empty 8,160kg (17,9891b); fuel 
3,880kg (8,5541b), or 5,560kg (12,2571b) with 
underwing tanks; maximum loaded weight 
11,970kg (26,3891b), or 13,633kg (30,0551b) with 
underwing tanks. 

Maximum speed (clean) ~—‘1,285km/h 
(798.5mph, Mach 1.21), also given as 
1,330km/h (826.5mph, Mach 1.252) at 9,000m, 
(with underwing tanks) limited to Mach 0.9 
(958km/h, 595mph); service ceiling (clean) 
16,550m (54,300ft), (underwing tanks) 13,450m 
(44,127ft); range (clean) 1,590km (988 miles), 
(underwing tanks, jettisoned when empty) 
2,380km (1,479 miles). 


Yak-27F This specially instru- 
mented Yak-27 was used for various 
aerodynamic and systems research, 
starting in 1960. 


Yak-27LSh This version was used 
for tests in 1963-64 with a wheel/ski 
main undercarriage. The ski was 
attached by hydraulic snubbers to the 
levered-suspension arm and retracted 
into the wheel bay. The nose gear 
was strengthened and fitted with twin 
K-262 wheels with 600 by 125mm 
tyres. Wheel/ski was also tested on a 
Yak-27R, see photo. 





Yak-28 





On 28 March 1958 the Yakovlev 
OKB was instructed by a Ministerial 
decree to begin development of a fur- 
ther improved two-seat supersonic 
bomber. This was to be powered by 
two of S K Tumanskii’s R-11 engines, 
which have already been mentioned in 
connection with the Yak-25RV. For the 
new bomber, however, they were to be 
fitted with afterburners giving a maxi- 
mum thrust of 5,300kg (11,684lb). 
Bomb load was to be 1,200kg normal 
and 3,000kg maximum, and other 
TTT requirements included a speed 
of 1,500—1,600km/h, service ceiling of 
16,000-17,000m and takeoff run not 
over 1,000m. 


Yak-129 This was the first bomber 
prototype produced in response to the 
demand. It represented a hybrid of ele- 
ments of the Yak-26 and Yak-27R, 
combined with several which were 
completely new. The most obvious 
new feature was the engine, which in 
this prototype was the R-11A-300, 
differing from the R-11—300 fitted to 
MiG-21 prototypes by having the 
accessories arranged mainly under- 
neath. Maximum rating with after- 
burner of this early version was only 
4,850kg (10,692Ib), though this was 
still appreciably greater power than in 
previous Yakovlev twin-jets. This 
engine was shorter than the RD-9F 
(4.6m, 15ft, instead of 5.56m), but its 
diameter was greater (825mm, 32.5in, 
instead of 660mm, 26in). 

The wings were unchanged in basic 
structure but were again increased in 
chord, partly by increasing sweepback 
of the leading edge over the entire 


wing inboard of the nacelle and partly 
by further extending the drooped lead- 
ing edge from the dogtooth to the tip. 
In order to accommodate the larger 
engine nacelles the wing was moved 
up to the shoulder position near the 
top of the fuselage. As a side effect, 
this reduced the pitching moment 
caused by variation in engine thrust, 
and improved stability at high angles 
of attack. 

Aft of the rear spar the wing was 
totally redesigned. Inboard of the 
nacelles there was no longer a swept- 
back portion. Here the entire trailing 
edge comprised the flaps, almost 
square in shape and hinged at 90deg to 
the fuselage and of the tracked slotted 
type giving considerable additional 
lift, unlike the split flaps used previ- 
ously. This was needed, because there 
were no other flaps. Instead, the 
ailerons were moved inboard adjacent 
to the nacelles. They were also 
redesigned, with chord 29.8 percent 
and area 8 percent of that of the wing, 
a modified inset-hinge leading edge, 
and an electrically driven trimmer at 
the inboard end. The sharp down- 
turned strip remained on the fixed 
trailing edge between the aileron and 
the tip pod fairing. This eliminated 
problems caused by flow interference 
at the tip of the aileron, and tendency 
to control reversal caused by twisting 
of the wing. No fences were thought 
necessary. 

Apart from increased chord the 
wingtips were similar to those of the 
Yak-27R, but with the forward exten- 
sions of the undercarriage fairings 
again lengthened and made pure cones 
housing balancing and _anti-flutter 
masses. The fuselage was similar to 
that of the Yak-26, but with an extra 
bay inserted. Fuel was housed in seven 
flexible tanks in the fuselage with 
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Yak-129-2 (Yak-28-2) on JSactory test. (OKB) 


capacities: No. 1, 1,340 litres; Nos. 
2+7 linked, 900; No. 3, 325; Nos. 4+5 
linked, 1,100; and No. 6, 360, a total of 
4,025 litres (885.4gal). The variable- 
incidence tailplanes had sweepback 
increased to 6(0deg, retaining the cam- 
ber-increasing tabless elevators. These 
were cut away at the root to enable the 
inset-hinge tabbed rudder to be made 
in one piece. The centreline underfin 
was enlarged in length and depth. 
Though based on that of the Yak-26, 
the main undercarriage was modified, 
with the pivoted arm ‘kneeling’ to 
bring the rear fuselage nearer the 
ground, increasing AOA on takeoff. 
Finally, the engine inlets were length- 
ened and fitted with small conical cen- 
terbodies, able to translate (slide to 
front and rear) to generate an inclined- 
shock cone at supersonic speeds and 
also vary the inlet area. 

Yakovlev assigned V N Pavlov as 
Yak-129 chief engineer, Volkov re- 
maining as chief test pilot and N M 
Shipovskii being appointed test navi- 
gator. The aircraft had a black/white 
‘barber-pole’ PVD-7 on the nose, and 
received callsign number 57. It began 
factory ground testing at the LII air- 
field amidst snow on 5 March 1958, its 
OKB test-flight programme taking 
from 5 May to 4 October of that year. 
Volkov shared the flying with S G 
Petukhoy of Factory No. 30 and with 
veteran Anokhin of the LII. 

On the whole this proved to be one 
of the best of all Yakovlev twin-jets, 
with particularly easy takeoff and land- 
ing with little need for rotation. Tests 
included various minor modifications 
to the wing, and at one time use of twin 
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strake fins under the tail. A modifica- 
tion that was retained was to add large 
fences ahead of the mid-point of the 
flaps, despite the close proximity to the 
fuselage. The figure given for service 
ceiling was often unattainable because 
of afterburner flameout at about 
16,300m (53,480ft), at which height 
the rate of climb prior to flameout had 
been 16m/s, 3,150ft/min. In any case, 
the customer numerical requirements 
could not be met with the low-thrust 
interim engines. 





Span 11.64m (38ft 244in); length 21.52m (70ft 
7éin); wing area 35.25sq m (379sq ft). 

Weight empty 8,195kg (18,067Ib); fuel 
3,200kg (7,0551b); loaded weight (1,200kg 
bombload) 12,885kg (28,4061b). 

Maximum speed 1,500km/h (932mph, Mach 
1.41) at 10,000m; climb to 10,000m, 3.5min; ser- 
vice ceiling 17,800m (58,400ft); range 1,880km 
(1,168 miles); takeoff run 950m (3,117ft); land- 
ing speed 222km/h (138mph), landing run 
850m (2,790ft). 


Yak-28-2 and Yak-28-3 These 
additional prototypes were built to 
confirm performance with the in- 
tended production engine, the 
R-11AF-300. This had a maximum 
afterburning rating of  6,050kg 
(13,338Ib), three times the thrust of 
the engines of the original Yak-120. A 
problem with this engine was com- 
pressor stall, and to attempt to avoid 
this the Yak-28—2 had the inlets cut 
back to enlarge the area and changed 
to an oval section with the major axis 
vertical. This exposed the centre- 
body, nullified the advantage of the 
optimum-profile variable inlet, and 
reduced pressure recovery at super- 
sonic speeds. Thus at Mach numbers 





greater than about 1.3 the acceleration 
was so poor that maximum speed 
could not be reached whilst retaining 
the minimum fuel needed for recovery 
to base. The decision was taken to 
standardize on the longer circular 
intake with the variable centrebody. 
Meanwhile, Tumanskii strove (with 
limited success) to cure the compres- 
sor-stall problem, which was at least as 
troublesome on the single-engined 
MiG-21. 

A new feature introduced on the 
Yak-28-2 and —3 was to make the 
tailplane fully powered as the primary 
control surface, retaining the elevators 
to increase camber. NII-VVS testing 
was completed in early 1960, and an 
order for series aircraft was placed on 
the Factory at Irkutsk. By this time it 
was clear that the same basic aircraft 
might go into production as a recon- 
naissance aircraft, an ECM platform 
and an interceptor. All had the same 
baseline avionics fit which included 
RSBN-2S short-range homing and 
blind landing, RSIU-5V radio, SOD- 
57M selective identification, SRZO- 
2M IFF, RV-17 radar altimeter and 
MRP-45R marker receiver. 


Yak-28B The initial production 
bomber, known at Irkutsk Machine- 
Building Factory (previously called 
GAZ No. 125) as Izdeliye (Product) B, 
was generally identical to the Yak-28—2 
prototype, but with the required oper- 
ational equipment. The most obvious 
addition was the RBP-3 navigation and 
blind-bombing radar, installed aft of 
the forward undercarriage unit, with 





The Yak-28I prototype (R-11AF-300 engines). (Yefim Gordon Archive) 


some racking under the cockpit floor, 
and with the antenna in a dielectric 
blister. The underside of the nose con- 
tained two optically flat windows, one 
of which was used by the OBP-115 
optical bombsight. Another modifica- 
tion was to increase the internal fuel 
capacity and add the underwing jetti- 
sonable fuel tanks. 

The Yak-28B was in production 
from 1960. At the 37th aircraft pro- 
duction switched to the Yak-28I. Both 
types entered Frontal Aviation service, 
replacing the obsolete [I-28. Apart 
from the difficulty of loading bombs, 
referred to later, the Yak-28B suffered 
from engine stall and flameout when 
firing the gun, especially when doing 
so in tight turns at high altitude. The 
long field length was also a problem, 
especially in icy conditions. Yak-28B 
No.-1900304 was sent to the Yakovlev 
OKB where tests were conducted with 
twin SPRD-118 rocket bottles clipped 
to Frames 34 and 37, and with the nose 
gear fitted with KT-82 wheels with 
anti-skid brakes. These modifications 
were made standard on future Yak-28 
aircraft. Automatic brake-parachute 
deployment, triggered by an under- 
carriage microswitch, and twin rear- 
fuselage airbrakes tested in 1963, were 
not adopted. 

The ASCC called the Yak-28B 
‘Brewer’, later changed to ‘Brewer-A’ 
when other versions were recognized. 
Data differences: 

Weight empty 8,705kg (19,1911b); fuel 
3,450kg (7,606lb). internal, 5,190kg (11,3101b) 
with underwing tanks; loaded weight 13,630kg 
(30,0501b) normal, 16,200kg (35,714Ib) maxi- 
mum. 

Maximum speed, 980km/h (609mph) at sea 
level, Mach 0.9 up to 8,000m (26,250ft); 


1,900km/h (1,181mph, Mach 1.79) at 12,500m; 
service ceiling 16,200m (53,150ft); range (inter- 
nal fuel) 1,950km (1,212 miles), (with under- 
wing tanks) 2,630km (1,635 miles); takeoff run 
1,000m (3,280ft); landing speed 238km/h 
(148mph), landing run 1,300m (4,265ft), (with 
parachutes) 880m (2,890ft). 


Yak-28L This bomber version was 
developed a little later than the 
Yak-28B. The chief engineers on both 
this aircraft and the closely related 
Yak-28I were M I Leonov and R S 
Petrov. The test pilots were Volkov and 
V G Mukhin, assisted by test naviga- 
tor Shipovskii. 

It was developed in order to over- 
come the extreme difficulty of reload- 
ing the bomb bay between sorties. The 
belly of the Yak-28 was so near the 
ground that, with approach from the 
front obstructed by the radome, the 
only way bomb trollies could reach the 
aircraft was to raise the nosewheels on 


The Yak-281 prototype (R-11AF2-300 engines and underwing tanks). (Yefim Gord 
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a lift so that the fuselage was at a steep 
angle, or to jack up the whole aircraft 
ina level attitude. With either method, 
refuelling could not begin until the air- 
craft was back on the ground, and 
turnround between flights always took 
more than 1% hours. 

The Yak-28L got its designation 
from Lotos (lotus), the name of the 
DBS-2S navigation system which en- 
abled the radar to be removed. Again, 
there was a price to pay, because this 
system was a Shoran/Tacan receiver 
which was totally dependent on signals 
received from a group of friendly 
ground stations. This limited the 
operational radius, and virtually pre- 
cluded any attack at low level, and it 
also made bombing accuracy rely on 
emissions which could be jammed or 
distorted by a capable enemy. 

The Yak-28L prototype, Red 56, 
was the Yak-28-3 modified. It was 
flown in early 1961, but did not 
complete NII-VVS testing until late 
1962. During testing the original 
R-11AF-300 engines, rated at 5,750kg 
with afterburner, were replaced by the 
R-11AF2-300, uprated to 6,200kg 
(13,668Ib). S K Tumanskii had intro- 
duced several modifications, notably to 
the profile of the first-stage compres- 
sor blades, which moved the operating 
regime further from the surge line. 
This enabled the longer circular- 
section inlet to replace the cutback 
oval form. Anti-icing trials with this 
inlet had been done with a Yak-25L 
described previously. 

The new engine came with a 
redesigned nozzle of the fully control- 
lable type, which adopted a conver- 
gent/divergent form when the after- 
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burner was operating. The previous 
nozzle, seen in a rear-view photograph 
of the Yak-28I prototype, was of 
the ‘bang/bang’ type which had to 
be either at minimum area or, with 
the afterburner lit, fully open. The 
improved gondola reduced drag, and 
drag at supersonic speed was further 
reduced by introducing a new shape of 
pointed-cone underwing fuel tank. 
The Yak-28L entered production at 
Irkutsk as (Product) ‘28L’ in January 
1962. A total of 111 aircraft of this type 
were delivered. In the course of pro- 
duction the glazing of the nosecone 
was improved, as on the Yak-28I, and 
the NR-23 gun was replaced by a 
GSh-23Ya, with a firing rate of 3,600 
rounds/min. Between 6 May and 18 





Yak-28L series aircraft. (Yefim Gordon Archive) 
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June 1970 a Yak-28L (No. 3921204), 
with the original gun, was tested in 
firing trials by Maj I I Shirochenko. He 
devised minor fixes permitting bursts 
of 15-20 rounds to be fired at a height 
of 8,000m in tight turns, but this 
mainly reflected the reduced sensitiv- 
ity of the engine. Absence of radar 
made this one of the fastest bomber 
versions. The ASCC reporting name 
was ‘Brewer-B’. Data differences: 





Weight empty 8,385kg (18,4851b); normal 
loaded weight 13,190kg (29,0781b); maximum 
loaded weight 15,545kg (34,270Ib). 

Performance with definitive engine installa- 
tion: maximum speed 1,945km/h (1,209mph, 
Mach 1.83) at over 8,000m; service ceiling 
16,600m (54,460ft); range 2,420km (1,504 
miles). 


Yak-28N (two Kh-28 missiles, antennas on starboard engine inlet). (Yefim Gordon Archive) 


Yak-281 This improved bomber 
replaced the Yak-28B in production in 
1962, and was to become the most 
important bomber version. Its desig- 
nation stemmed from J/nitsiativa-2 
(initiative), the name of the new navi- 
gation and blind-bombing _ radar, 
which gave the crew the ability to 
search for targets on land or at sea 
independently of any other guidance. 
It occupied an extra bay inserted as a 
780mm (3lin) plug into the fuselage. 
This was the second plug section 
inserted ahead of the wing, and it again 
moved the nosewheels and pressure 
cabin forward. 

The PVD boom was modified to 
have twin air-data heads carried on a 
cone with a larger base diameter. This 
was faired smoothly into the nose, 
which contained the new OPB-16 
optical sight and had just two very 
large curved windows on each side (as 
did later Yak-28L aircraft). Other 
modifications included an increase in 
height of the fences and the addition of 
an AP-28K autopilot, which could be 
linked to the radar and sight system 
and a new navigation counter for 
enhanced bombing accuracy. 

The Yak-28I entered production at 
Irkutsk as /zdeliye (Product) ‘281 in 
1962. A total of 223 bombers of this 
type were delivered, all with the R- 
11AF2-300 engine in the definitive 
nacelle. Throughout their ten-year 
operational life they suffered from the 
difficulty of loading bombs, restric- 
tions on firing the gun and gener- 
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Yak-28R first prototype (a different aircraft from Yak-122/27R, despite having the same callsign 45). (OKB) 


ally unimpressive cep (circular error 
probable, or bombing accuracy). As 
late as 31 March 1968 to 30 January 
1969 a comprehensive test programme 
sought ways of improving cep at Mach 
0.9 over the altitude range 400—3,200m 
(1,312-10,500ft). The ASCC name 
for this aircraft was ‘Brewer-C’. Data 
differences: 





Length 22.3m (73ft 2in). 

Weight empty 8,985kg (19,8081b); normal 
loaded weight 13,800kg (30,4231b); maximum 
loaded weight 16,160kg (35,626Ib). 

Maximum speed 905km/h (562mph) at sea 
level, 1,805km/h (1,122mph, Mach 1.7) at 
12,000m; service ceiling 14,500m (47,575ft); 
range (internal fuel) 875km (544 miles) lo-lo-lo 
profile, 2,070km (1,286 miles) at 12,000m, 
(underwing tanks) 2,290km (1,423 miles); take- 
off run 1,440m (4,724ft); landing speed 
244km/h (152mph), landing run 670m (2,200ft) 
with parachutes. 


Yak-28R On 27 November 1961 a 
Ministerial decree instructed the 
Yakovlev OKB to develop an improved 
reconnaissance aircraft based on the 
definitive Yak-28 airframe, to replace 
the Yak-27R. Yakoylev assigned S V 
Fofanov chief engineer on the Yak-28R 
programme, and V P Smirnov and N 
I Samokhodkin as chief test pilot and 
navigator, respectively. 

The design was based on the 
Yak-281, but with modifications to the 
crew compartment, tankage and equip- 
ment. The navigator’s station in the 
nose was modified internally and fully 
glazed with windows all round, these 
meeting the metal fuselage at a diagonal 
angle. The pilot’s canopy was raised in 
height, and, as no gunsight was needed, 
the windscreen was glazed with two 
elliptical windows meeting at an acute 
angle on the centreline. Absence of a 


bomb bay enabled the sensor installa- 
tions to be improved, compared with 
the Yak-27R, whilst increasing internal 
fuel to 4,960 litres (1,091 gal). 

Radar was retained, but of specially 
modified Jnitsiativa-2R type. Between 
this installation and the rear under- 
carriage unit were arranged three 
sensor compartments tailored to any 
of five payloads. One comprised a 
set of three or four AFA-54 cameras 
in pivoted mounts with automatic or 
navigator control, plus an AFA-42/20 
for day low-altitude photography. 
The second comprised an AShAFA-8 
continuous-image strip camera plus an 
AFA-42/20. The third was a TAU-M 
IR linescan plus an AFA-41/10 for 
high-altitude topography. The fourth 
was a NAFA-Ya7 night camera 
plus an SOU-2 pulsed high-intensity 
flash installation. The fifth was a 
Romb-41 (rhombus) Elint (electronic- 
intelligence) installation for detecting, 
locating, classifying and recording 
hostile emissions. This had an inves- 
tigative range of 250km (155 miles) 
at 4,000m, increasing to 365km (227 
miles) at 10,000m, over a sector of 
+50deg from dead ahead. 

The prototype Yak-28R, callsign 
yellow 45, was rolled out from OKB- 
115 at the beginning of 1963. Following 
initial testing by Smirnov it was trans- 
ferred to the NII-VVS (then being 
relocated at Akhtubinsk) on 7 March, 
but Col V M Komoy and navigator 
Lt-Col V T Marfunenkoy did not 
begin testing until 7 July, finishing on 
22 August 1963. There were very few 
problems, and series production was 
ordered from the Irkutsk factory, pre- 
viously No. 125. Many reconnaissance 
aircraft were modified during or after 


production into other versions. The 
first aircraft appeared in January 1966. 
It was exhaustively evaluated from 1 
December 1966 until 30 October 1967, 
testing every sensor combination in 
every kind of role and environment. 

Irkutsk built 183 aircraft of this 
basic /zdeliye (Product) ‘28R’ type in 
five sub-versions, not ending until 
1970. Early in production the radar 
was changed to the more advanced 
Initstativa-3. Numerous later sensors 
were tested on these aircraft, some 
being adopted for service. One of 
the first series aircraft, No. 8961302, 
was used to test an improved variable 
engine inlet system. 

The Yak-28R was to have a longer 
front-line career than any other of the 
Yakovlev twin-jets, and to lead to 
several derived versions. ‘Two of these 
were put into short-run production, 
while others were produced by 
modification. The ASCC name for 
the original aircraft was ‘Brewer-D’. 





Weight empty 9,790kg (21,5831b); fuel (inter- 
nal) 3,970kg (8,752Ib), (with underwing tanks) 
5,725kg (12,6211b); maximum loaded weight 
15,725kg (34,667Ib). 

Maximum speed 1,100km/h (683.5mph) at 
sea level, 1,945km/h (1,209mph, Mach 1.83); 
service ceiling 15,650m (51,345ft); range (inter- 
nal fuel) 2,180km (1,355 miles), (underwing 
tanks) 950km (590 miles) on lo-lo-lo profile, 
2,680km (1,665 miles) at 12,000m. 


Yak-28TARK A series Yak-28R, 
No. 6960305, was tested with the 
radar replaced by a TARK-1 Te/e- 
vizionnyt  Aviatsionnyi  Razvedy- 
vatel’nyi Kompleks. Video images were 
transmitted to the ground station, 
using an antenna in a ventral fairing 
replacing the radome, and also stored 
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Yak-28R (FA camouflage and underwing tanks). (OKB) 


on board on film 190mm (7/in) wide. 
Factory tests took from 28 December 
1966 to 6 February 1967, and front- 
line evaluation from 1 September to 15 
December 1967. This confirmed the 
value of the system, and TARK-1 was 
the main sensor on a number of 


Yak-28R aircraft. 


Yak-28RR Several series Yak-28R 
aircraft were converted into Yak-28RR 
Radiatsionnyi Razvedchik sensing plat- 
forms for investigating the atmosphere 
after nuclear weapon tests. They were 
fitted with special underwing pods 
containing ram-air inlets leading to 
filtration systems designed and built at 
Irkutsk in 1964. The test crew were 
pilot A L Kolosoy and navigator NM 
Shipovskii. 
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Yak-28PP (noise jamming rocket laun 


chers outboard of tanks) at NII-VVS. (Yefim Gordon Archive) 


Yak-28RL No information is avail- 
able on this experimental reconnais- 
sance conversion. 


Yak-28SR The prototype of this air- 
craft was modified series Yak-28R 
No. 9961309. The entire belly of the 
aircraft was occupied by an SPS-141 
(Stantsiya Pomekhovykh Signalov, sta- 
tion for noise signals). This was a high- 
power jammer, operating over seven 
wavebands and supplied with its own 
multi-kilowatt electric power. Joint 
State tests took place between 15 
August and 30 September 1970, fol- 
lowed by a further series of testing 
at NII-VVS Akhtubinsk to confirm 
that the enormous heat output did 
not make conditions for the pilot 
(Smirnov) unbearable. A small series 
of Yak-28SR were constructed. 


Yak-28PP This Postanovshchik 
Pomekh (defence-suppression) — air- 
craft was based on the Yak-28R but 
carried so much new equipment its 
development was a major programme 
at Yakovlev OKB. Chief engineer 
was V A Babayan, chief test pilot 
A L Kolosoy and navigator M V 
Dolzhenkoy. The gun and reconnais- 
sance equipment were replaced by an 
REB (radio-electronic warfare) com- 
plex. 

The main active-jammer stations 
were the Buket (bouquet) and Faso/-1 
(bean), together with the Avtomat-21 
(KDS-19) noise jammer served by two 
symmetric diagonal blade antennas 
under the engine nacelles. A chaff-dis- 
pensing system was provided, together 
with a UB-16-57UM launcher under 
each wing for S-5P (PARS-57) rockets 





fired ahead with chaff-dispensing pay- 
loads. All units were either under pilot 
control, or could be triggered auto- 
matically by the Sirena-3 radar warn- 
ing receivers. The aircraft was 
protected against [R-seeking missiles 
by an ASO-2I pulsed thermal jammer. 

The pilot and navigator cockpits 
naturally had many features different 
from the bomber and reconnaissance 
aircraft, and accurate navigation 
was assisted by a DISS-31 Strela 
(arrow) doppler radar linked with an 
NVU-VI2 computer. Internal fuel 
capacity was 5,480 litres (1,205gal) in 
six tanks, plus 2,100 litres in under- 
wing tanks. Joint State testing was 
conducted in 1970. Some Yak-28PP 
were converted Yak-28R. 

These aircraft were of the greatest 
importance to Frontal Aviation. Previ- 
ously the defence-suppression role 
had been done only by large subsonic 
aircraft, notably versions of the Tu-16. 
The Yak-28PP was the last version to 
remain in front-line service, not being 
replaced by the Su-24MP until the 
1990s, by which time all ex-Soviet 
frontal aircraft carried their own pro- 
tective systems. The ASCC name was 
‘Brewer-E’. 





Weight empty 9,745kg (21,4841b); fuel 
(including underwing tanks) 6,130kg (13,5141b); 
maximum loaded weight 15,995kg (35,262Ib). 

Maximum speed (tanks and_ rockets) 
1,570km/h (976mph, Mach 1.48), (clean) 
1,725km/h (1,072mph, Mach 1.62); climb to 
10,000m (tanks and rockets) 9.6min, (tanks only) 
7.3min; service ceiling (tanks and rockets) 
14,200m (46,590ft); range (tanks and rockets) 
1,980km (1,230 miles). 


One of the Yak-28U prototypes. (OKB) 


Yak-28BI A Ministerial decree of 27 
March 1965 instructed Yakovlev to 
develop this aircraft based on the 
Yak-28I but equipped with a Bulat 
synthetic-aperture SLAR (sideways- 
looking airborne radar). Chief engin- 
eer was S E Yaskoy, and test pilot and 
engineer were Yu V Petrov and N M 
Shipovskii. The antenna was extended 
from the bomb bay as the target area 
was approached, recording a 15km 
strip on either side of the aircraft from 
a height of 17 or 200 or 2,000m at 
speeds from 600 to 1,200km/h. 


Yak-28N The Yakovlev OKB worked 
on this experimental attack aircraft in 
1964-65. The designation stemmed 
from nositel’ (carrier). The prototype 
was based on a Yak-28I, and it was 
modified for the ARM (anti-radar mis- 
sile) role armed with the Kh-28R kom- 
pleks, the delivery portion of which 
comprised two Kh-28 missiles. Devel- 
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oped by the Zvezda missile OKB, 
these twist-and-steer winged weapons, 
on a high-altitude flight profile, could 
home on an enemy emitter from 95km 
(59 miles) away. Each missile was hung 
on a pylon and interface unit attached 
at the same hardpoint on the wing as 
the external tank, but with a launch 
weight of 725kg (1,598lb) was some- 
what lighter than the filled tank would 
have been. The system was housed in 
the fuselage, with additional passive 
receivers, two of which were promi- 
nent spiral planar antennas on arms 
projecting from the starboard engine 
inlet. The Kh-28R system was 
NII-VVS tested in 1966, but did not 
go into production. No ASCC name 
for the aircraft is known, but the name 
for the missile (which was widely used 
on other aircraft) was ‘AS-9 Kyle’. 


Yak-28IM This experimental frontal 
bomber was tested in September- 
October 1969, but did not reach Joint 





Yak-28U in FA camouflage at NII-VVS (note in this photo, and that opposite, the graduated reference pole at 90° to the fuselage). (Yefim Gordon Archive) 
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The Yak-28P first prototype (deeper oval inlets). (Yefim Gordon Archive) 


State Test until 1973. The prototype 
was Yak-28I No. 4940503, modified 
with four underwing pylons for attack 
missiles of various kinds. By 1973 the 
Yak-28 was being replaced in the 
attack role by the Su-17, with the Su- 
24 entering production, and it was not 
considered worth modifying the Yak- 
28 attack versions to this standard. 


Yak-28U There had never been a 
dedicated dual-control trainer version 
of any of the Yakovlev twin-jets, and 
with the development of the super- 
sonic Yak-28 it was agreed that such 
an aircraft was necessary. Yakovlev 
appointed N G Kolpakov chief engin- 
eer on the Yak-28U programme, and 
Smirnov and Samokhodkin as chief 
test pilot and navigator. The proto- 
type, designated Yak-129U and with 
construction number 0001, was built 
at OKB-115 in 1962. 

The fuselage was of the original 
short type. The nose was redesigned, 
the navigator station being replaced by 
a simple all-metal structure housing 
the cockpit for the instructor, with a 
windscreen similar to that of the pupil 
but a canopy hinged open to the right. 
Armament was removed, and the bay 
previously devoted to bombs was fitted 
with a 1,350-litre (297gal) fuel tank. 
The engines were of the original 
R-11AF-300 type, with short oval 
inlets, which were considered ade- 
quate for this version. Other features 
included the fully powered tailplane, 
twin brake parachutes and short 
wingtip probes. 


Joint State Tests occupied from 23 
November 1962 to 15 March 1963, but 
everyone wanted to get in on the act 
from Gen-Maj S A Ryzshov (director 
of flight training) down; sixteen VVS 
pilots flew the Yak-129U including 
Col S G Dedukh, Maj V V Dobrovol- 
skiy and Maj Yu M Sukhoy, and eval- 
uation was not completed until 3 
September 1964. Orders were then 
placed at Irkutsk, which constructed 
183 trainers of this type. The ASCC 
name was ‘Maestro’. 





Length 20.2m (66ft 3%in). 

Weight empty 8,005kg (17,648Ib); fuel 
4,530kg (9,987Ib); maximum loaded weight 
14,000kg (30,8641b). 

Maximum speed 1,850km/h (1,150mph, 
Mach 1.74) at 11,000m; range 2,200km (1,367 
miles). 


Yak-28P Having begun the entire 
twin-jet family with a radar-equipped 





Yak-28P in service. (RART) 


interceptor, and gone on to produce 
the missile-armed Yak-27K sub-series, 
it was natural for Yakovlev to launch a 
programme to create an advanced 
interceptor based on the airframe and 
engines of the Yak-28. He appointed B 
B Solov’yov chief engineer, and the 
chief test pilot and navigator were the 
veterans Volkov and Shipovskii. 

The basis of the Yak-28P was the 
K-8M kompleks, comprising the RP- 
11 Oryol-D (Eagle) radar, the neces- 
sary electronics links and cockpit 
displays, and two guided missiles in 
the family known as R-8M when under 
development by the Biesnovat KB, but 
which entered service in two forms, 
the K-8M with semi-active radar 
guidance and the K-8T with IR (infra- 
red) homing guidance. These large 
missiles weighed 275 and 287kg (606 
and 633lb), and had an effective range 
of 12 and 8km, respectively. They were 
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L Yak-28PM (inset, pylon, K-8T and K-8R). 
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replaced by the later R-8M2 and 
R-8M1 before the Yak-28P entered 
service. 

Though by far the largest develop- 
ment task concerned the interception 
kompleks, most of this work had 
already been done in the closely re- 
lated system carried by the Su-11. 
Yakovlev’s chief task was to develop 
the carrier aircraft. This had no guns, 
and naturally mounted the radar in the 
nose, behind a pointed radome, and 
seated the navigator/operator behind 
the pilot in tandem pressurized cock- 
pits with dual flight controls, sepa- 
rately controlled ejection seats, an 
optically flat bulletproof windscreen 
and a long aft-sliding canopy. 

The airframe structure was 
restressed to a design load factor 
increased from 4 to 6. The centre fuse- 
lage bays which housed bombs or 
reconnaissance sensors in other ver- 
sions were devoted to fuel, to give the 
exceptional internal capacity of 6,350 
litres (1,397gal), but housed in only 
four tanks. To reduce field length, 


equipment included attachments for 
two SPRD-118 jettisonable rocket 
bottles, anti-skid brakes on the four 
mainwheels and twin PT-27 brake 
parachutes which were streamed 
before touchdown by a trigger bar piv- 
oted down (by selecting landing flap 
angle) from the bottom of the under- 
fuselage strake fin. 

Unlike previous interceptors, such 
as the Yak-27K family, the missiles 
were carried on pylons under the outer 
wings, tunnel testing having confirmed 
no increase in drag and this location 
causing less disturbance to the engines 
when the missiles were fired. The 
attachment ribs were immediately out- 
board of the leading-edge dogtooth, 
and they precluded the carriage of 
underwing tanks. Avionics comprised 
the standard suite, plus a Lazur (azure) 
beam/beacon receiver for guidance 
back to airfields in bad weather. 

The first Yak-28P prototype, call- 
sign 15, was flown with dummy 
missiles in 1960. It was the only inter- 
ceptor to have the R-11AF-300 


engine, in the original nacelle with a 
cutback oval-section inlet. Later pro- 
totypes had the R-11AF2-300 with 
the extended circular inlet with an 
infinitely variable conical centre- 
body. Other modifications included an 
increase in fuel capacity to 6,570 litres 
(1,445gal), addition of long static-dis- 
charge rods above and below the 
brake-parachute doors, improvement 
in ECCM (electronic counter-counter 
measures) capability of the Oryo/-D 
radar, certain measures to facilitate 
servicing, and introduction of 
upgraded missiles. The radar-guided 
R-8M2 weighed 292kg (644Ib) and 
had an effective range of 35km. The 
IR-homing R-8M1 weighed 299kg 
(659lb) and had an effective range 
(except in heavy rain) of 18km. 

From the outset it had been planned 
to build the interceptor at Novosibirsk, 
the former Factory No. 153. Director 
I A Salashchenko appointed V S 
Sluyev chief engineer, and the resident 
OKB design engineer was P P Brylin. 
The Yak-28P sustained the largest 
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The Yak-28Pwith modified nose and R-3S missiles. (OKB) 





Yak-28P trials aircraft (with modified nose, modified inlets and Yak-28R windscreen). (Yefim Gordon Archive) 





Yak-28P trials aircraft (extended metal nose with probe and infra-red sensor). (Yefim Gordon Archive) 















































Yak-28-64 (two K-8M1, two R-3S, drop tanks shown in front view). (Yefim Gordon Archive) 





production run of any of the Yakovlev 
twin-jets, a total of 435 being built 
at Novosibirsk in 1962-67, or 443 
including prototype and development 
aircraft. 

The Yak-28P had an extremely 
active career with the [A-PVO, despite 
the fact that officially it was never 
accepted for operational service. Over 
the course of nineteen years in front- 
line duty it was subjected to many 
updates and special tests, in addition to 
the. modified aircraft described later. 
Though it took off and landed at high 
speeds, its demands on the airstrip 
were not as severe as other PVO inter- 
ceptors, and sustained efforts were 
made to match it to shorter airbases, 
especially in Arctic regions. 

Between 7 July and 15 September 
1965, at PVO station Savostleika, Yak- 
28P No. 0615318 with small modifica- 
tions was, operated from an unpaved 
runway with a bearing strength of 
9kg/sq cm (128lb/sq in). The front 
tyres were widened from 200 to 
275mm, and fitted with mudguards. 
Lateral strength of the shock struts of 
the aft gear and wingtip outriggers was 
increased, and to avoid FOD (foreign- 
object damage) the engine inlets were 
extended forwards 760mm (30in). This 
aircraft then made ten flights from 
Daugavpils, Latvia, after which the 
Yak-28P was cleared without modifica- 


tions to operate from unpaved strips 
if the situation demanded. 

Between 28 March and 6 May 1966 
pilots V Baranov and S Peterin made 
fourteen test flights with aircraft 
No. 0915310 using maximum after- 
burner on takeoff and early streaming 
of both brake chutes on landing, con- 
firming takeoff runs of 950—1,075m 
(without rockets) and landing runs 
of 650-700m. The PVO concluded 
that average pilots could safely operate 
from a strip with a length of 1,280m 
(4,200ft). 

Between December 1965 and 
February 1966 Yu B Grigorenko and 
pilot-operator A A Kaltycha tested a 
Yak-28P fitted with Oryol-D No. 66— 
28, which had been modified to up- 
grade ECCM capability. The radar 
was not tested in environments of 
simulated enemy jamming or ECM 
(electronic counter measures). 

One of the visible modifications was 
a 1966 attempt to eliminate wing flut- 
ter and reversal of lateral control, 
which despite the inboard location of 
the ailerons could still be a problem at 
very high indicated airspeed at heights 
below 7,000m. A series aircraft was fit- 
ted with pairs of small delta (triangu- 
lar) ailerons on the front of the wingtip 
fairings. These surfaces were driven by 
irreversible power units, and the nor- 
mal ailerons were locked. The revised 





lateral controls worked well, but were 
not considered worth introduction to 
service. 

Modifications that were introduced 
to service are discussed later. The Yak- 
28P was one of three Yak-28 versions 
revealed in the June 1961 Aviation Day 
flypast at Tushino. The ASCC then 
gave it the name ‘Firebar’, and called 
the missile ‘AA-3 Anab’. 


Span 11.64m (unchanged); length 21.47m 
(70ft 5%in); wing area 35.25sq m (unchanged). 

Weight empty 7,895kg (17,405Ib); fuel 
5,340kg (11,772Ib); loaded weight 15,700kg 
(34,612Ib) normal, 16,065kg — (35,417Ib) 
maximum. 

Maximum speed (with missiles) 1,100km/h 
(683.5mph) at 5,000m, 1,840km/h (1,143mph, 
Mach 1.73) at 12,000m, (clean) 2,060km/h 
(1,280mph, Mach 1.94) at 13,000m; service ceil- 
ing (with missiles, takeoff at 16,065kg) 16,000m 
(52,495ft), (clean) 17,000m (55,775ft); range 
2,170km (1,348 miles); takeoff run (with rockets, 
weight 16,065kg) 400m (1,312ft); landing speed 
239km/h (148.5mph), (twin brake parachutes) 
landing run 680—720m (max 2,362ft). 


Modernization Without changing 
the designation, several important 
modifications were introduced to air- 
craft in PVO service. The most obvi- 
ous was a lengthening of the radome, 
to reduce aerodynamic drag and im- 
prove acceleration at Mach numbers 
above 1.3. The Kunyavskii KB, 
designers of the Oryo/ family of radars, 
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The completely redesigned Yak-28-64 carrying two K-8T, and two R-3S missiles. (Yefim Gordon Archive) 
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Yak-28-64 on factory tests. The removal of the engines enabled the ailerons to be extended to the kink. (Yefim Gordon Archive) 


were concerned that this would distort 
the signals enough for pulse timing or 
apparent target position to be affected. 
A compromise was found which 
reduced drag without noticeably af- 
fecting performance of the improved 
Oryol-DP radar, or accuracy of the 
PVD air-data boom, with pitch/ 


yaw vanes, mounted on its tip.-A by- 
product was reduced susceptibility to 
rain erosion and icing. 

The experimental interceptor used 
to test the new radome was also fitted 
with the sharp-edged windscreen 
similar to that of the Yak-28R. It was 
found that the steeply sloping ellipti- 


cal panes distorted forward view 
enough to bother the pilot of an inter- 
ceptor, and this feature was not 
adopted. 

On the other hand, the number of 
missiles was doubled. Because of its 
small demands on aircraft systems, the 
R-3 family of missiles (produced by 


OKB-134 on the basis of the American 
Sidewinder), together with the associ- 
ated K-13 kompleks, could easily be 
added without major modification or 
serious increase in drag. Two versions 
were initially available, the R-3S with 
IR homing and the derived R-3R with 
semi-active radar guidance, but in 
order to avoid the need to modify the 
main radar (to provide compatible 
guidance) only the R-3S was consid- 
ered for the modernized Yak-28P. In 
early tests a single R-3S launcher was 
added between the engines and fuse- 
lage, but firing from this location 
caused compressor stalls. Accordingly 
the additional launchers were relo- 
cated between the original PU-1I-8 
pylons and the tip fairings. It was a 
simple task to modify aircraft to carry 
a pair of R-3S missiles, and after Joint 
State Tests in late 1966 all Yak-28P 
series aircraft were thus equipped, 
though the outer pylons were not 
always fitted. 

Among other improvements made 
to the Yak-28P during front-line 
service the most important concerned 
fitting an improved autopilot, greater 
authority irreversible flight-control 
boosters, addition of the BKP-1 pack- 
age to keep the ARK-10 radio compass 
reading correctly at large angles of 
bank, and improved secure links to 
the Vozdukh-1M national air-defence 
system. In July 1967 a modernized 
Yak-28P was exhibited at Domodye- 
dovo with a placard stating incorrectly 
that it could also be used for ground 
attack. Data differences for modern- 
ized aircraft: 





Weight empty 8,650kg (19,0701b); maximum 
loaded weight 16,900kg (37,257Ib). 

Performance with four missiles: maximum 
speed 1,860km/h (1,156mph, Mach 1.75); ser- 
vice ceiling 15,300m (50,200ft); interceptions 
normally made against targets flying at up to 
1,400km/h at any height from 500-19,000m 
over a radius of 600km. 


Yak-28URP The designation of 
this experimental version stood for 
‘improved rocket’. It was an extreme- 


altitude testbed, with a liquid- 
propellant rocket engine in the 
tail. 


Yak-28PM One of the first Yak-28 
interceptor prototypes built at OKB- 
115 was completed in 1962 with 
R-11AF3-300 engines in slightly 
modified nacelles. These engines had 
an afterburning rating of 6,500kg 
(14,3301b), almost the same as that 


of ‘Tumanskii’s _ next-generation 
R-13—-300 engine. Other modifications 
included the longer and more acutely 
pointed radome and R-3S launchers. 
OKB pilots Volkov and Petrov tested 
this aircraft, which in a clean condition 
outperformed all other Yakovlev twin- 
jets, reaching a speed of 2,400km/h 
(1,49Imph, Mach 2.26) and a sus- 
tained height of 17,500m (57,415ft); 
with four missiles the speed was 
2,110km/h and service ceiling still 
17,000m. Development of the 
R-13F-300 was protracted, and when 
cleared for production and service in 
1967 the Yak-28P line had almost 
ended. 


Yak-28-64 Recognizing that the 
Yak-28P was being outperformed 
by the T-58 (Su-15) and Ye-155P 
(MiG-25P), Yakovlev decided in 1964 
to redesign the aircraft completely. 
This was one of the biggest and most 
expensive risks ever taken by the OKB, 
but Yakovlev saw it as the only way to 
have a chance of beating the competi- 
tion. 

Whilst retaining as much of the 
existing interceptor as __ possible, 
including the entire front fuselage, 
basic wing structure outboard of the 
fuselage, tail unit and undercarriage, 
the propulsion system was modified 
by putting the R-11F2-300 engines 
inside the rear fuselage. They were fed 
by two-dimensional _ vertical-wedge 
inlets with variable profile and area. He 
even sent his son Sergei to Factory No. 
153 at Novosibirsk — which was com- 
pleting production of the Yak-28P — to 
study the inlet and engine installation 
of the Su-15. The ducts led straight 
past the fuselage tanks and aft under- 
carriage unit, the final rear equipment 
bay being faired by a ‘pen nib’ between 
the engine nozzles, above which was 
the brake-parachute compartment. 
The wing, stressed to a factor of 7, 
continued its main spars and trans- 
verse beam across the fuselage above 
the inlet ducts, the greater width of 
body increasing the span. Large two- 
part ailerons occupied most of the 
trailing edge outboard of the flaps. The 
PU-1-8 pylons were moved in to the 
rib previously carrying the engines, 
and the outer pylons came in to the rib 
previously used by the PU-1-8. Large 
diagonal underfins were added on each 
side of the rear fuselage, and drop 
tanks could be hung under the inlet 
ducts. 
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The prototype, callsign 64, began 
flight testing in 1966. It was at once 
apparent that its performance was 
if anything worse than that of the 
Yak-28P. Moreover, its flight charac- 
teristics were unsatisfactory, and tests 
were stopped. No data are known, 
apart from the span of 12.5m (41 ft 0in) 
and length 23.15m (75ft 114in). 





Yak-140 





Korean War experience led by July 
1953 to the issue ofa VVS requirement 
for a fighter having the greatest possi- 
ble performance, achieved by the high- 
est possible ratio of thrust to weight. In 
the USA Lockheed sought the same 
objective in the F-104. Whereas the 
American aircraft had an extraordinar- 
ily high wing loading, so that its 
manoeuvrability was totally uncom- 
petitive, care was taken in the VVS 
demand to call for ‘good manoeuvra- 
bility in both the vertical and horizon- 
tal planes’. 

Accordingly Yakovlev designed the 
Yak-140 to have not only the lightest 
possible airframe but also the largest 
possible wing consistent with this 
objective. This meant that level speed 
would be perhaps 150—200km/h lower 
than the maximum possible, but that 
the fighter would be far more likely to 
win in close manoeuvring combat. 

Design began immediately, and 
because the aircraft was so similar to 
the Yak-50 progress was swift. After 
considering the VK-3, TRD-1 and 
large AL-7, the choice fell on the 
slim axial engines of the Mikulin 
bureau, designed by Tumanskii. The 
chosen engine was the AM-11 (in 1956 
redesignated R-11, and used in the 
Yak-28 family), but because this was 
not ready in 1953 the first prototype 
was redesigned around the AM-9D, 
with dry and afterburning thrust rat- 
ings of 2,600 and 3,300kg (5,732 and 
7,275lb), respectively. A single engine 
was used, with a straight duct from a 
circular nose inlet to a tail nozzle. 

The wing profile was S-12s, with a 
thickness/chord ratio of 8 percent 
except at the root, where curving the 
trailing edge round to meet the fuse- 
lage at 90 deg increased chord to 
reduce the ratio to 6.3 percent. Sweep- 
back at the 4-chord line was 55.5 deg. 
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Yak-140 with AM-9D engine; lower side view, Yak-140 with AM-11 project. (OKB) 
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Yak-140 prototype. (OKB) 


Yak-140 sectioned view. (OKB) 
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Yak-140 with AM-9D engine. (Yefim Gordon Archive) 


The wing was of mainly D1 and 
D16, with KhGSA booms on the front 
of the two spars, with the ribs at 90 deg 
to this spar. The wings were set in the 
mid position, with anhedral of —4.5 
deg. Both spars were attached to 
strong fuselage frames, there being no 
wing structure inside the fuselage. 
Each wing had a _power-boosted, 
mass-balanced, outboard aileron, a 
sharply tapered slotted flap (incor- 
rectly described as Fowler-type in 
some Russian accounts) and two long 
but shallow fences. 

The fuselage was of circular section, 
with a double frame behind the wing 
permitting the rear fuselage and tail 
to be removed for changing the en- 
gine. The nose inlet had a sharp lip on 
which at supersonic speeds shock- 
waves could be focused by a sliding 
conical centrebody. This was mounted 
on the vertical walls which bifurcated 
the duct past the cockpit. Between 
these walls were to be mounted the 
racks for an ASP-5 radar-ranging gun- 
sight, with the antenna inside the cone. 
Behind the wing were left and right 
door-type airbrakes. 

The tail generally resembled that of 
the Yak-50, but with leading-edge 
sweep increased to 65 deg on the fin 
and to 60 deg on the tailplane. The 
fin carried a one-piece powered rudder 
hung on three inset hinges, while 
the fully powered tailplane, mounted 
at the mid position with 3 deg di- 
hedral, carried camber-increasing 
elevators. . 

The fin curved via a dorsal fin 
into a spine, inside which were the tail 














control rods and electrical cables. At 
the front this spine was faired into the 
side-hinged canopy over the pressur- 
ized cockpit, which resembled that of 
some Yak-25 versions. Jettisoning the 
canopy automatically opened the air- 
brakes, to render the subsequent seat 
ejection less hazardous. 

Fuel was carried in two pairs of 
400-litre (88gal) tanks, one pair on 
each side of the inward-curving duct 
behind the cockpit and the other 
pair on each side of the jetpipe. The 
bicycle-type undercarriage was simi- 
lar to that of the Yak-50, but with 
larger tyres and more powerful brakes 
matched to the greater weight. The 
main unit had two tyres 600 by 
200mm, the steerable nose gear had a 
480 by 200mm tyre, and the outriggers 
has size 250 by 110mm. The centreline 
gears retracted forwards, while the 
outriggers hinged back into wingtip 
fairings. 

Armament in the first prototype 
comprised two NR-23 guns, mounted 
low on each side of the forward fuse- 
lage, with 100-round magazines im- 
mediately behind the rear cockpit 
pressure bulkhead. Most second- 
ary power throughout the aircraft 
was hydraulic, the two 140kg/sq cm 
(1,991Ib/sq in) systems _ serving 
boosted flying controls, flaps, under- 
carriage, nosewheel steering and other 
services. The front and main under- 
carriage units could be unlocked to 
free-fall, but an emergency pneumatic 
system provided positive downlock- 
ing, and also operated the wingtip 
units. 


Yak-140 
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As originally planned the Yak-140 
was to have been powered by the 
AM-11 engine with a predicted maxi- 
mum dry thrust of 4,000kg (8,818Ib) 
and afterburning thrust of 5,000kg 
(11,0201b). This aircraft was to have a 
larger but shorter nose with a bigger 
inlet, larger rear fuselage, matched to 
the bigger afterburner and nozzle, and 
armament of three NR-30 guns (two 
on the left and one on the right) each 
with 50 rounds, and two UB-16-57 
launchers for 57mm rockets, with the 
possibility of later carrying guided 
missiles. This original aircraft was to 
have an augmented avionic installa- 
tion, including the radar (not the 
RP-21 Sapfir, as sometimes reported) 
and associated sight, and additional 
flush antennas in the top of the 
redesigned fin. 

During 1954 CAHI did static and 
fatigue testing of the non-flying air- 
frame, discovering that the wing 
needed strengthening. This was no 
problem, and with design factor 
reduced from 8 to a temporary 6 the 
first prototype, callsign 40, was com- 
pleted in December 1954. In January 
1955 high-speed taxi testing was suc- 
cessfully completed at LII Zhukovskii. 
Its only rivals were the Ye series of 
swept and delta prototypes by the 
MiG OKB and Sukhoi’s much larger 
and more powerful S and T series. The 
Yak appeared to have the edge, because 
it had the highest thrust/weight ratio 
and lowest wing loading. 

In February 1955, immediately 
before flight testing of the Yak-140 
began, the Minister of Aircraft Pro- 
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duction, P V Dement’yey, announced 
that the project had no future, because 
it would be the rival MiG design that 
would be ordered. No explanation has 
so far been discovered. It appears that 
the MAP never issued any actual 
instruction ordering cancellation, but 
faced with the Minister’s statement, 
Yakovlev had no option but to halt all 
work on the Yak-140. He was never 
again to produce a fighter, apart from 
jet-lift aircraft for the Navy. 





Data for Yak-140: 

Span 7.935m (26ft 0% in); length 13.34m (43ft 
9% in); wing area 19sq m (205sq ft). 

Weight empty 3,315kg (7,308Ib); fuel 1,275kg 
(2,8111b); loaded weight 4,850kg (10,692Ib). 

Calculated performance: maximum speed 
1,250km/h (777mph, Mach 1.18) at 12,000m 
(39,376ft); climb to 10,000m (32,808ft), 2.1 min; 
to 15,000m (49,213ft), 4.4 min; service ceiling 
18,000m (59,055ft); range 1,900km (1,181 
miles); takeoff run 400m (1,312ft); landing speed 
189km/h (117mph), landing run 600m (1,970ft). 

Data for original project: 

Span 8.0m (26ft 3in); length 12.95m (42ft 
5’in). 

Weight empty c3,500kg (7,716lb); loaded 
weight c5,300kg (11,684Ib). 

Calculated performance: maximum speed 
(MIL thrust) 1,360km/h (845mph) at 11,000m 
(36,090ft), (afterburner) 1,715km/h (1,066mph, 
Mach 1.615) at 12,000m (39,370ft); time to 
10,000m = (32,808ft), 1.15min; to 15,000m 
(49,213ft), 2.6min; service ceiling 18,300m 
(60,040ft); range unchanged. 
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Yak-30 








In 1959 the VVS held a competition 
for a light jet trainer, able to be used 
for ab initio instruction. Such aircraft 
had never been developed in the Soviet 
Union, the only jet trainers being con- 
versions of powerful military types. 
Yakovlev produced a prototype, with 
the Service designation Yak-30. In 
parallel, funded by DOSAAF, the 
OKB produced a single-seat version, 
the Yak-32, described later. Surpris- 
ingly, the only competitors came from 
outside the Soviet Union. 

The Yak-30 was a neat stressed- 
skin aircraft made entirely of D1 and 
D16 light alloy. The wing had S-9s 
profile, two spars, pressed-sheet ribs, 
balanced ailerons and split flaps. The 
simple fuselage had a vertical elliptical 
section, housing equipment in the 
nose, the instructor almost directly 
behind the pupil in unpressurized 
tandem cockpits, fuel in a 600-litre 
(132gal) bag tank above the wing, feed- 
ing through a large metal negative-g 
tank immediately in front of it, and the 
engine above the trailing edge fed by 


shallow ducts curving in from inlets in 
the wing roots. j 

The engine was the RU-19, spe- 
cially designed by Tumanskii. This 
simple single-shaft turbojet had a 
seven-stage axial compressor, and was 
rated for takeoff at 900kg (1,984Ib) 
thrust. It was hung on Frame 23 
with an upper steady at Frame 25, and 
discharged directly under the rear 
fuselage, with no jetpipe needed. The 
engine could be removed straight 
down, without disturbing the rear 
fuselage. The tailplane was fixed half- 
way up the sharply swept fin, and 
carried elevators cut away at the 
root to clear the one-piece rudder. 
The elevators and rudder had mass 
balances at their tips, and the rudder 
had a ground-adjustable tab. All con- 
trol surfaces were manually driyen by 
rods. 

Tail controls were faired inside a 
dorsal spine linking the canopy to the 
tail. The long canopy of blown Plexi- 
glas was bulged to give a better view 
downwards, and slid aft on rails. The 
ejection seats could both be controlled 
by the instructor or individually, with 
firing switches on the pan and above 
the head. They had oxygen bottles 
and a KP-18K regulator for the main 








Yak-30. 
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Yak-30 prototype, callsign 50. (OKB) 


supply from spheres in the nose. 
Duplication of controls and instru- 
mentation was complete. 

The main undercarriage had simple 
levered-suspension legs, retracting 
inwards between the spars with 
separate fairing doors for the wheels 
and legs. The steerable nosewheel 
retracted forwards into a bay with 
twin doors. There was provision for 
the same equipment and armament 
as the military version of the single- 
seat Yak-32, but the VVS require- 
ment omitted armament and_ the 
Yak-30 prototypes had only normal 
communications radio, with a whip 
antenna either on the nose or on the 
rear fuselage. 

Technical manager of the pro- 
gramme was K V Sinel’shchikov, chief 
engineers were V A Shavrin, V G 
Tsveloy and V P Vlasov, and test pilots 
were Smirnoy, Volkov, Mukhin, Petrov 
and an LII pilot, A P Bogorodskii. The 
OKB built a static/fatigue test speci- 
men and six flight articles, two of 
which were single-seat Yak-32s. The 
contest for a jet trainer resolved itself 
in 1960 into a three-pronged evalua- 
tion, the rivals being the Czechoslovak 
L-29 Delfin and the Polish TS-11 
Iskra. The TS-11 was soon eliminated 
and sent back to Poland, and a head- 
to-head developed in which the Yak-30 
showed an edge in performance, but 
was marred by detail problems. In any 
case Czechoslovakia needed the work, 
and so the L-29 was chosen in August 
1961 as the trainer for all Warsaw Pact 
air forces except Poland’s. 
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Yak-30, callsign 80, with UB-16-57 rocket launchers. (OKB) 





: ees eles 
Yak-32 showing some Yak-104 weapons (including six S-24 rockets and ZB-360 A/S bomb). (OKB) 
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Immediately after this decision, 
OKB pilot Smirnoy set world records 
(see Appendix 3). Callsigns of the four 
aircraft were 30, 50, 80 and 90. Tragi- 
cally, after being chief pilot on all the 
Yakovlev twin-jets, Volkov was killed 
in a Yak-30 in 1965 as the result of an 
error by a woman pilot. The ASCC 
called the Yak-30 ‘Magnum’. 





Span 9.38m (30ft 9¥in); length 10.14m (33ft 
34in); wing area 14.3sq m (154sq ft). 

Weights (No. 1, as built), empty 1,555kg¢ 
(3,428Ib); fuel 480kg (1,058Ib); oil 20kg (441b); 
maximum loaded 2,250kg (4,960Ib). 

Maximum speed 660km/h (410mph) at low 
level, 767km/h (477mph) at 11,500m; climb, see 
Appendix 3, but NII-VVS figure was initial rate 
18m/s (3,540ft/min); service ceiling 11,500m 
(37,730ft) but record set at 16,128m (52,913ft); 
range 965km (600 miles); takeoff run 425m 
(1,394ft); landing speed 140km/h (87mph), 
landing run 450m (1,476ft). 


Yak-30V This jet-lift project is 
referred to under the Yak-36. 


Yak-32 Two examples were built of 
this single-seat version, said by the 
OKB to be the first sporting aircraft 
with an ejection seat. The airframe was 
that of the Yak-30, but the military 
version, designated Yak-104, could be 
equipped with the avionics and other 
items shown in a drawing. Alternative 
sights were the ASP-PF and PBK-2. 
External loads could include a ZB-500 
or -360 tank, bombs up to 500kg, up to 
four rocket launchers (the largest the 
UB-32/S-5), up to four K-13/R-3S 
missiles or four ARS-240 rockets or 
four AOI-9 or UKP-23 gun pods, each 
with 250 rounds. 

The two Yak-32s were built in late 
1960, with callsigns 32 and 70. Both 
aircraft gave aerobatic displays at the 
1961 Aviation Day at Tushino. They 
set world class records (Appendix 3), 
thrust being miss-reported to the FAI 
as 800kg. The OKB has preserved one 
at Khodinka in house colours of 
red/white. The ASCC allocated the 
name ‘Mantis’. Data differences: 





Weight empty 1,435kg (3,164Ib); maximum 
loaded weight 1,930kg (4,2551b). 

Maximum speed 700km/h (435mph) at low 
level, 755km/h (469mph) at 11,000m (36,090ft) 
[the lower performance than the Yak-30 is 
explained by slightly higher drag of the short 
canopy]; service ceiling 11,500m (37,730ft), but 
record figure was 14,283m (46,860ft); other fig- 
ures unchanged. 
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A preserved Yak-32. (OKB) 








Yak-33 








In 1962 the OKB had lost out in both 
small fighters and jet trainers, and was 
urgently in need of fresh design work 
and prototype construction. Having 
keenly studied Western projects for 
advanced tactical supersonic bombers, 
notably those in Great Britain, there 
seemed an obvious need for a Soviet 
aircraft in this class. Though it did 
obtain limited funding, the OKB went 
ahead in the absence of a prototype 
contract, ona series of studies grouped 
under the designation Yak-33. 

By the 1960s it was accepted that the 
only way to attack a defended target 
was to fly as close to the ground as 
possible. This demanded the smallest 
possible wing, and especially the 





smallest possible span. On the other 
hand, it was essential to be. able 
to operate from short dispersed air- 
strips, and this demanded some way of 
making lift exceed weight at quite low 
airspeeds. The problem was solved by 
using engine thrust direct to help lift 
the aircraft. 

The basic Yak-33 would have been 
a Mach 2 aircraft with a fuselage of 
minimum cross-section housing the 
pilot and navigator in tandem ejection 
seats, a large attack radar in the nose, 
bicycle undercarriage and a row of 
tanks. A short-span delta wing would 
be mounted shoulder-high at the rear, 
above the weapons bay. Loaded weight 
would have been in the 40,000-kg 
(88,000-Ib) class. Propulsion would 
have required two engines rated at 
about 7,000kg (15,430Ib) dry, or over 
10,000kg (22,0501b) with afterburner. 
On takeoff the jetpipes would be 

















Yak-33 (all engines in the fuselage). (OKB) 
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Yak-33 (alternative scheme). (OKB) 








diverted upstream of the afterburners 
to direct the jets downwards, to help 
lift the aircraft. Lift would be aug- 
mented by six lightweight lift engines 
each rated at about 3,000kg (6,600Ib), 
giving a total jet lift of about 32,000kg 
(70,5501b). Thus only a modest extra 
amount would be needed from the 
wing. 


One version of Yak-33 had all the 
engines in the fuselage, the lift jets 
being in two rows between the ducts to 
the main engines. This would have had 
a span of 10.25m (33ft 7% in) and 
length of 26.375m (86ft 6%in). The 
other would have had powered canard 
foreplanes for more powerful longitu- 
dinal control, just two lift jets in the 
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fuselage and the other four in the 
wingtip pods housing the main 
engines and outrigger landing gears. 
This version would have had a span of 
11.1m (36ft 5in) and length of 27m 
(88ft 7in), the centrelines of the main 
engines being 9.88m (32ft 5in) apart. 

Though attractive, and formidable, 
neither version was built. Britain’s 
cancellation of TSR.2 influenced this 
decision, which saved the Soviet 
Union a lot of money. 





Yak-36 





In 1960 Yakovlev was impressed 
watching the Short SC.1 experimental 
jet-lift aircraft, and determined to 
build something similar. He quickly 
received MAP promise of funding, 
and formed a special design team 
under Stanislav G Mordovin and Leon 
M Shekhter, to study jet-engined 
SVVP (in English, VTOL [Vertical 
Take-Off and Landing}) aircraft. They 
had the assistance of the LII engineers, 
led by Prof V N Matveyev and A N 
Rafaelyants, who had produced the 
jet-lift Turbolyot which had _ first 
hovered in 1957. 
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Yak-V project flight-control system (arrow shows main-engine air bleed). (OKB) 
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Yak-36 as finally modified. (Yefim Gordon Archive) 
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The simplest idea was to add an 
extra. bay to an existing Yak-30 
to create the Yak-30V, with two 
additional RU-19 turbojets mounted 
vertically between the ducts to the 
propulsion engine. This was soon re- 
placed by a Yak-V (vertikal’nyi) based 
on the Hawker P.1127, with a turbofan 
in the ‘10-tonne thrust class’ with 
four vectored nozzles. No such engine 
existed in the Soviet Union, and it 
proved difficult to find a candidaté 
engine with a suitable bypass ratio for 
fitting with such nozzles. To 
Yakovley’s disgust the MAP declined 
to fund a special four-nozzle engine, 
which appeared to have much to com- 
mend it. 

As a second-best answer, a simpler 
solution, which the MAP and CIAM 
were prepared to fund, was to take an 
existing turbojet and fit it with a piv- 
oted jetpipe. The choice fell on the 
R27, one of the long series of two-shaft 
engines by Tumanskii’s bureau, in 
this case designed by a team led by 
K Khachaturoy. The result, first run 
in 1962, was an R27-300, with a 
maximum thrust rating of 6,350kg 
(14,000Ib), fitted with a jetpipe and 
nozzle of flattened oval section. This 
was joined to the engine by a ‘lobster- 
shell’ connection, so that it could be 
rotated about an inclined axis by a 
hydraulic motor through an angular 
range of 95 deg to deflect the jet down- 


wards for lift, or to the rear for for- 
wards flight, or 10 deg forward of the 
vertical for inflight deceleration to the 
hover. The inclined axis was necessary 
because the projected aircraft would 
need two engines, so they had to be 
handed, one with a nozzle on the 
left side and the other on the right. 
Of course, both nozzles had to be 
driven in unison. 

By early 1961 the general form of 
the project had taken shape, initially as 
Izdeliye V (vertikal’nyi) and later as 
the Yak-36. Chief designer was Orest 
A Sidorovy, chief engineer V N Pavloy, 
and the managers of the flight-test 
programme were K B Bekirbayev and 
V N Gorshkoy. The programme was 
supported by LII specialists Yu A 
Garnayev (who had been chief pilot on 
the Turbolyot), aerodynamicist A I 
Kvashnin and Yu N Snezhko. Funding 
was obtained for a structural-test air- 
frame and three complete aircraft, 
Fuselage No. Yellow 36 for static test- 
ing, and two flight-test articles, Nos. 
37 and 38. 

Though the Yak-36 was intended as 
a pure research tool, all three aircraft 
had provision for two underwing 
racks. At rollout No. 36 carried test 
equipment at these points, while 
No. 38 had pylons for UB-16—57 
rocket launchers. 

The basic configuration was almost 
a throwback to Yakovlev’s first jets, 


with a plain nose inlet and jet 
nozzles under the wing. The small 
delta. wings had SR-12s profile, 
leading-edge sweep of 37 deg, and 
anhedral of —5 deg. Each had two 
spars and a transverse beam, with ribs 
aligned parallel to the fuselage. 
Features included a fixed leading edge, 
sharply tapered, fully powered, two- 
part, tabbed ailerons, and rectangular 
slotted flaps driven by a hydraulic jack 
at mid-span. 

The fuselage had an almost circular 
cross-section, but with a flattened 
underside. Ahead of the front spar the 
upper part of the fuselage was occu- 
pied by an equipment bay followed by 
the pressurized cockpit with a thin 
moulded windscreen and side-hinged 
canopy. The lower part was occupied 
entirely by the two engines and their 
inlet ducts, the engine accessory 
groups causing large bulges with air 
cooling louvres. 

Behind the cockpit the rapidly 
tapering fuselage housed the fuel 
tanks with a capacity of 3,080 litres 
(677.5gal), and carried the sharply 
swept fin, linked to the canopy 
fairing by a spine and carrying the 
fixed tailplane near its top. The one- 
piece rudder and cutaway elevators 
all had tabs but were fully powered. 
The bicycle undercarriage comprised 
a castoring nose unit retracting for- 
wards into a bay between the inlet 


ducts with twin doors, castoring 
outriggers retracting forwards into 
long probe-carrying tip fairings, and 
a braked twin-wheel main unit re- 
tracting to the rear into a compart- 
ment with twin rear doors and a 
large forward door resembling an 
airbrake. SRO-2 Khrom-Nikel IFF 
was installed, together with simple 
navaids, dual RV-2V radar altimeters 
and RSIU-5V V H F radio with a whip 
antenna above the rear fuselage. 

By far the biggest development task 
was to perfect the stability and control 
in hovering flight, especially when 
close to the ground. Manifolds around 
each engine collected bleed air when a 
pilot-operated gate valve was opened, 
supplying it via heat-resisting lagged 
pipes to reaction control nozzles under 
each wingtip fairing, under a short 
fairing on the tailcone and on the end 
of a grotesquely large pipe projecting 
ahead of the nose, the latter being 
needed to ensure adequately power- 
ful longitudinal control. The nozzle 
valves were cones moved vertically 
under pilot control to vary the sur- 
rounding aperture (see Yak-V draw- 
ing). The nose and tail had twin 
inclined nozzles varied individually to 
give control in yaw as well as pitch. 
Failure of one engine would cause 
rapid descent, but with the aircraft 
kept level (it was hoped) by full power 
from the opposite wingtip control jet. 
The OKB’s new electronic-calculation 
laboratory found plenty of work in this 
programme, especially in the SAU-36 
automatic flight-control system and in 
ground test rigs for modelling the 
flight article and for serving as training 
flight simulators. 

Yak-36 No. 36 was completed in 
autumn 1962. It went to CAHI’s 
T-101 wind tunnel, where it was tested 
with and without engine operation and 
in all flight configurations. With air 
blowing past, there was no problem 
with reingestion of the hot air from 
the jets, which not only causes stab- 
ility and control problems but also 
seriously reduces thrust. Later in 
1962 outdoor testing began at LII 
Zhukovskii, with the aircraft tightly 
tethered. There were few problems 
with the jets blowing through a grid in 
a test stand, but on a concrete pad 
there was such severe reingestion that 
on easing the tethers the aircraft failed 
to rise. In theory the installed thrust 
exceeded twice the weight of the 
almost empty aircraft ! 


After the underside of No. 37 had 
been fitted with two parallel strakes it 
did rise at full power, and Garnayev 
made the first tethered flight to 0.5m 
(20in) on 9 January 1963. By this time 
Valentin G Mukhin had joined the 
OKB team as pilot of the dubler, with 
D A Koloturskii as supporting 
mechanic. Hovering near the ground 
continued to be erratic, with uncom- 
manded variation in engine thrust and 
little positive control of attitude or alti- 
tude. On 23 June 1963 Garnayev made 
the first free hover, rising next day to 
0.7 m. 

The first flight of the first Soviet 
jet-lift aircraft was made by Mukhin 
on 27 July 1964, when No. 38 made 
a CTOL (Conventional Take-Off 
and Landing) at Zhukoyskii, without 
any attempt at hovering. ‘Takeoff and 
landing speeds were about 250km/h 
(155mph). By this time modifications 
included enlarging the nose inlet, fit- 
ting two large deflector flaps under the 
nose, redesigning the engine nozzles, 
and adding two big inclined underfins 
at the tail. These changes were assisted 
by CAHI, CIAM and by LII’s A I 
Kvashnin and G M Lapshin. 

The left and right flaps under 
the nose were hinged at the back 
and opened downwards hydraulically 
through 35 deg, exposing the inner 
skin of the inlet ducts. Each flap had a 
fence along its outer edge and one of 
the nosewheel doors hinged to its inner 
edge. They opened in unison to exert 
a powerful effect in diverting hot jet 
gas away from the inlets during verti- 
cal takeoff or landing. A further aero- 
dynamic modification was to divide 
the main undercarriage forward door 
into upper and lower parts hinged 
together, so that when open the lower 
part was almost horizontal. 
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The R27-300 nozzles were com- 
pletely redesigned to be of the type 
patented in 1958 by Rolls-Royce. The 
engines were handed left and right, 
with a jetpipe curved out to the 
outer side, terminating in a flat ring 
set obliquely in plan view and also 
sloping out at about 15 deg to the 
vertical. The use of a jetpipe angled 
in all three planes reduced the angle 
through which the jet had to be turned 
by the nozzle. Across the nozzle ring 
was a cascade of four curved vanes 
which deflected the jet through 
some 75 deg, so that, as the ring was 
rotated by a hydraulic motor, the jet 
could give forward thrust, lift or brak- 
ing. As before, both deflectors rotated 
in unison. 

The obviously dangerous nature of 
these low-level jet-lift tests resulted 
in the OKB, supported by other 
organizations, developing an auto- 
matic ejection system. Called SK-E 
(extreme ejection system), this was 
triggered by any dangerous combina- 
tion of low altitude, aircraft attitude, 
rate of change of attitude and rate 
of descent. With the OKB’s KYa-1 
‘zero/zero’ ejection seat __ fitted, 
Mukhin made the first free hovering 
flight remote from the ground on 
27 September 1964. He found that, 
once he was clear of ground effect and 
reingestion, engine thrust markedly 
increased. From April to August 1965 
prolonged testing was done in autopi- 
lot and manual flight modes. On 7 Feb- 
ruary 1966 No. 38 took off vertically, 
made a forward transition to wing- 
borne flight, and then landed at speed 
with the nozzles at zero deg. At last, on 
24 March 1966, a complete transition 
was accomplished, with a vertical take- 
off followed by a high-speed flypast 
and then a vertical landing. 


Yak-36 No. 1 before static testing. (Yefim Gordon Archive) 
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Yak-36 No. 2 showing big inlet and chin flaps. (Yefim Gordon Archive) 


In October 1966 Garnayey and 
Mukhin demonstrated Nos. 37 and 38 
before Secretary Brezhnyev and other 
VIPs at Kubinka. Surprisingly, Gar- 
nayev was then assigned to help fight 
forest fires in France and was killed in 
the crash of an Mi-6, leaving Mukhin 
as chief pilot on the programme. 

For the big Aviation Day public air- 
show on 9 July 1967 aircraft 37 and 
38 were flown to Domodyedovo, but 
37 was damaged in a heavy landing. 
Mukhin accordingly did a vertical take 
off, fast pass and vertical landing 
on 38 alone, carrying rocket pods. 
Subsequently brief trials were flown 
from the helicopter cruiser Moskva, 
and No. 38 flew with SPPU-22 
(GSh-23) gun pods, but no firing tests 
with guns or rockets were attempted. 
The ground-test aircraft, No. 36, is 
stored at Monino, painted in A-VMF 
blue. The ASCC called the Yak-36 
‘Freehand’. 





Span (overall) 7.4m (24ft 3'4in); length (over- 
all) 16.75m (54ft 11% in); wing area 17.0sq m 
(183sq ft). 

Weight empty (36 as built) 5,290kg (11,662Ib), 
(38in 1967) 5,600kg (12,346lb); fuel 2,500kg 
(5,511Ib); maximum loaded weight (36 as 
built) 8,900kg (19,621lb), (OKB figure) 
9,400kg (20,723lb), (38 in 1967) 11,700kg 
(25,794lb). 

Maximum speed (clean, at sea level) 
1,100km/h (683.5mph) according to OKB, 
1,009km/h (627mph) according to Monino 
Museum; service ceiling 12,000m (39,370ft); 
range 500km (311 miles) according to OKB, 
370km (230 miles) according to Monino. 





Yak-36M, Yak-38 





The Yak-36 accomplished its task of 
solving the basic problems of a high- 
subsonic jet-lift aircraft, but it was 
never intended as any kind of opera- 
tional aircraft, and all its many faults 
were never cured. Nevertheless, after 
the July 1967 airshow at Domodyedovo 
Yakovlev suggested to the NKAP 
that an order should be placed for a 
small number (he said ten ox. twelve) 
of Yak-36 aircraft for further develop- 
ment, especially in operation from 
ships, and for pilot training. The reply 
he got was an order from the Commu- 
nist Party Central Committee on 27 
December 1967 for the development of 
a purpose-designed V/STOL fighter 
and light attack aircraft, together with 
a trainer version. 

Much argument followed, some fac- 
tions denying the need for jet lift and 
others promoting a multi-role heavy 
aircraft with search radar. Eventually 
the VVS and A-VMF agreed on 
the TTT (tactical/technical require- 
ments) and issued them on 25 January 
1969. They called for a high-subsonic 
jet able to operate from modest ship 
decks in light attack roles, including 
day air combat against naval heli- 
copters and AWACS and transport 
type aircraft, and coastal surface 
targets, with secondary capability 





supporting an invasion force up to 
50km inland. 

This requirement was a natural 
result of the government decision, 
prompted by Admiral Gorshkoy, that 
the aggressive global presence of the 
US Navy might to a small degree be 
countered by building multi-role ships 
called ‘aviation cruisers’, combining 
all the features of a major surface 
combatant with a deck suitable for 
V/STOL jets. These were to be 
larger ships than the two ‘helicopter 
carriers’ Moskva and _ Leningrad, 
though the latter were also thought 
marginally capable of operating small 
V/STOL jets. 

Again Mordovin was appointed the 
programme director, with Sidorov and 
Pavlov chief engineers. Flight-test 
directors were Bekirbayey, Gorshkov 
and V A Shalygin, and test pilots 
Mukhin, M S Deksbakh and Yu A 
Shevyakov from the OKB, with LII 
pilot O G Kononenko. Yakovlev had 
ordered work to begin in January 1968, 
without waiting for the customer(s) to 
agree the TTT. Paper design took a 
year, the first studies being for a super- 
sonic aircraft strongly influenced by 
the Hawker P.1154 with two Rolls- 
Royce Spey engines, and with similar 
cross-over nozzles for two R27-300 
engines. 

Supersonic performance would 
have imposed many penalties, and 
sights were set lower on a relatively 
simple Mach 0.95 aircraft. On 10 Jan- 





uary 1969 construction began on the 
DLL (fuselage for air testing under a 
Tu-16). On 23 January construction 
began on the first VM (Vertikalnyi 
Modifitsirovannyi), the only designa- 
tion at that time for the new aircraft. 

Its configuration repeated that of 
the Aircraft V (Yak-36) but with a new 
fuselage. A major change was that the 
cockpit was brought down into the 
nose between the lateral inlets to the 
main engines, reducing drag and mak- 
ing the aircraft look more like a fighter. 
An even more fundamental change 
was recognition of the fact that, with 
two R27 lift/cruise engines, the air- 
craft would be grossly overpowered in 
normal cruising flight, making it 
impossible to achieve a useful radius of 
action. Accordingly, it was decided to 
use only one lift/cruise engine, and to 
make up the shortfall in lift during 
VTOL or hovering by adding specially 
designed lightweight lift jets. Of 
course, these extra engines would be 
dead weight in normal wingborne 
flight. 

To provide the main engine a 
revised type of R27 was developed by 
Yu Gusev in the Tumanskii bureau. 
This was the R27V-300, initially rated 
at 6,000kg and with production 
engines uprated to 6,800kg (14,9911b). 
This engine had a diameter of 1,012 
mm (39.8in), a length of 3,706 mm 
(145.9in) and dry weight of 1,350kg 
(2,976lb). Unlike the R27—300, down- 
stream of the turbine it had a plenum 
chamber, a gastight box, from which 
the gas escaped through left and right 


nozzles in the form of plain curved 
pipes rotated through an arc of 95 deg 
by a central hydraulic motor. 

The additional lift jets were in- 
stalled immediately behind the cockpit 
between the main-engine ducts. Such 
engines had existed in Britain since 
1954, but none had been developed in 
the USSR, and so a team led by 
A Dynkin in the OKB of Pyotr 
A Kolesoy at Rybinsk designed the 
RD36-35 specifically for jet lift. 
A simple turbojet, it had a six-stage 
compressor, was made of as much 
low-density material (aluminium and 
glassfibre) as possible to keep the 
weight down to 176kg (388lb), and 
operated only at full thrust with a 
rating of 2,350kg (5,181lb). Two 
were fitted to the MiG-23-01 and 
MiG-21PD (23-31) and three to the 
Sukhoi T-58VD. 

For the simple light-attack VM it 
was considered that two of these lift 
engines would be adequate. Of course 
they had to be positioned so that the 
resultant thrust of the two lift jets and 
the main engine passed through the 
centre of gravity. As finally arranged, 
the lift jets were installed in tandem at 
an angle of 87 deg, with their thrust 
axes varied over a fore/aft range of 30 
deg by deflector vanes to help the pilot 
accelerate to wingborne flight or decel- 
erate to the hover. In normal hovering 
flight the lift jets were at 87 deg and the 
main engine at 95 deg, the four jets all 
approximately meeting 50m below the 
aircraft. It was accepted that, because 
of the giant rotational couple im- 
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parted, failure of any of the three 
engines would instantly trigger the 
SK-E auto-ejection system. 

Structurally, the VM was more 
advanced than the Yak-36. The ruling 
airframe material was the newly devel- 
oped 01420 AI-Li alloy with a density 
of only 2.47 g/cubic cm, which also 
had excellent anti-corrosion proper- 
ties for maritime use. Other parts were 
of chrome steel or D16 or D19 Dura- 
lumin. The design load factor was 6. 

As before, the wing was of cropped- 
delta shape and mounted in the mid 
position. Aerofoil profile was P-53s-6 
at the root and S-12s-6 at the tip, thick- 
ness/chord ratio being 6 percent. 
Leading-edge angle was increased to 
45 deg, incidence was zero and 
anhedral a remarkable —10 deg. Struc- 
turally the wing comprised left and 
right panels each bolted to strong fuse- 
lage frames. Each had two spars joined 
by twelve ribs parallel to the direction 
of flight, plus small riblets normal to 
the front spar along the leading edge, 
which was fixed. The one-piece out- 
board ailerons, of 0.98sq m, had inset 
hinges giving mass- and aerodynamic- 
balance, the right aileron having an 
electrically operated trimmer, and 
were driven by irreversible BU-150V 
power units. 

At the inboard end of each aileron a 
strong rib provided hardpoints for 
underwing pylons and also the hinges 
about which the outer panel power- 
folded upwards through 102 deg for 
stowage in ship hangars. From this rib 
a transverse beam was added to carry 
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| Yak-36M showing original area-ruled design (inset, underside with lift bay open). (Yefim Gordon Archive) 
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Upper, VM-O1 prototype; lower, Yak-38U. (Yefim Gordon Archive) 














The second prototype V 





the 1.08sq m track-mounted slotted 
flaps. Main materials were 01420 in 3 
and 1.2mm thicknesses, and D19 in 
2.5mm. 

The fuselage was a semi-mono- 
coque made almost entirely of 01420, 
with some details steel or titanium. 
Its datum sloped up from station- 
zero to Frame 15, then ran horizontal 
and finally sloped up again at double 
Frame 29/29A at which, by undoing 
nine bolts, the rear fuselage could be 
removed. As no radar was required 
the nose was extremely short but 
pointed. Next came the pressurized 
cockpit between Frames 3 and 7. This 
had a flat bulletproof windscreen and 
a canopy hinged open to the right, 
sealed by a pneumatic strip inflated 
to 2.5kg/sq cm. 

Behind the rear pressure bulkhead 
was the lift-engine bay. In the Short 


‘M-02. ( Yefim Gordon Archive) 


SC.1 this was covered on top by wire 
mesh, but for the high-speed VM 
Yakovlev used a large door hinged at 
the rear and containing twenty-four 
spring-loaded flaps, sucked open to 
feed air to the lift engines when the 
door was closed and to balance pres- 
sures inside and outside the bay. For 
VTOL the door could be hinged 
upwards by two hydraulic jacks. The 
jet-deflector vanes on the underside 
have already been referred to. 

On each side of the cockpit a plain 
fixed-geometry inlet for the main 
engine doubled the width of the 
fuselage. The rounded lips were 
DI6UMO, and the ducts, of 
D16AMO, curved sharply in behind 
the lift-engine bay to feed the main 
engine. This filled the centre fuselage 
between Frames 23 and 29, except for 
space above for a tank bay. Access to 


engine accessories was by hinged doors 
(more in the production aircraft), but 
to remove the engine it was necessary 
to disconnect the rear fuselage. 


Immediately behind the main- 
engine nozzles the 13-frame rear fuse- 
lage was cut away and skinned in 
heat-resistant steel. The forward sec- 
tion housed ‘Tank Bay 2, the remainder 
being occupied by electrical equip- 
ment and the rudder and elevator 
power units. The ram-air inlet for the 
main heat exchanger was above the 
main fuselage, but it was continued in 
a spine leading to a dorsal fin and then 
to the main fin. Attached to Frames 34 
and 37, this had a 4-chord sweep angle 
of 53 deg, and area in its final form of 
3.255sq m (35sq ft). Three inset hinges 
carried the powered and tabbed rud- 
der, which in its final form had an area 
increased to 0.975sq m (10.5sq ft). The 


tailplanes, with total area of 3.305sq m 
(35.58sq ft) were fixed at the top of the 
rear fuselage and carried 1.142sq m 
(12.29sq ft) elevators driven by a 
BU-150V irreversible power unit, the 
right elevator having a tab. 

Again, one of the biggest develop- 
ment tasks was perfection of the 
control system for use during VTOL 
and at other times when airspeed was 
inadequate for control surfaces to be 
effective. Bleed air from the main 
engine, at rates up to 5.03kg (11.11b) 
per second, could be taken through 
lagged pipes along the leading edges to 
reaction-control gate valves above and 
below each wingtip, and at up to 40kg 
(88.2Ib) per second to large circular 
valves in the tailcone and ahead of the 
nose undercarriage unit. The fuselage 
valves provided longitudinal control 
and also pivoted to provide yaw con- 
trol. The aircraft could be flown man- 
ually, but usually had the SAU-36 
autopilot (virtually the same as in the 
Yak-36) engaged. 

Yakovlev broke with tradition and 
instead of a velosipednoye undercar- 
riage used conventional left and right 
main units and a nosewheel, all retract- 
ing into compartments in the fuselage. 
Each unit had a long-stroke levered- 
suspension arm carrying a_ single 
wheel, the main units having multi- 
disc brakes on K'T-61/3 wheels with 
660 by 200mm tyres, retracting about 
a skewed axis forwards, and the castor- 
ing nose unit a K'T-298 with a 600 by 
150mm tyre, retracting backwards. 
Track was 2.2m (86.6in) and wheel- 
base 6.06m (19ft 10%in). 

Any of the standard Soviet military 
turbine fuels — T-1, TS-1, PT and 
T-7P — could be pressure-loaded into 
the two hermetically sealed integral 
fuselage compartments. No. 1, in the 
main section, had a capacity of 2,750 
litres (605gal), and No. 2, in the 
removable aft section, 690 litres 
(152gal). Synthetic turbine oil was 
housed in individual engine sys- 
tems, the lift jets using a total-loss 
system. 

No provision was made for internal 
armament. The adopted armament 
and avionics are described later in 
connection with the series aircraft. 
The VM prototypes did have provi- 
sion for most of the adopted weapons, 
and were also fitted with the SK-EM 
automatic ejection system perfected 
with the Yak-36, the seat being the 
slightly modified KYa-IM. Other 
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Yak-38 improved (side view shows canopy and lifi bay open). 














systems remained generally as on the 
VM, and so may be described here. 

Flight-control was normally in the 
automatic mode, using the SAU-36 
autopilot and Tester flight-data com- 
puter. Series aircraft used the Tester- 
UZYa or UZL, able to manage fifty 
parameters simultaneously. There 
were three hydraulic systems, using 
AMG-10 oil, operating at 15.2 mPa 
(2,205lb/sq in). The ‘general booster’ 
system served the flying-control power 
units, the nosewheel and the wing fold. 
“‘Dubler booster’ was a standby for the 
first, switched in automatically follow- 
ing failure. ‘System 2’ served a variety 
of domestic systems, including the 
main undercarriage, flaps and _lift- 
engine door. 

There were two pneumatic systems, 
each with an emergency standby. 
System 1 served the wheel brakes, 
emergency undercarriage and flap 
extension, and lift-bay door. System 2 
provided backup for undercarriage 
extension. The lift engines were started 
by bleed air from the main engine, 
which was started electrically by a 
starter/ generator GSR-ST18/70KIS. 
This charged two 15STsS-52B 
batteries, and alternating current was 
supplied by a GT-16P48D alternator, 
feeding through PO-750A and PT- 
500TsS transformers, with raw current 
used to de-ice the inlet lips and wind- 


screen. The KP-52M oxygen system 
was supplied by two 2-litre bottles 
charged to 150kg/sq cm (2,1341b/sq 
in), while the seat had its own KP-27M 
system. The pilot wore a KM-34 mask 
and ZSh-5A visor, and was also clad in 
the specially developed VMSK-4 
survival suit particularly designed for 
Arctic waters. 

Virtually all manufacturing in the 
programme was assigned to Saratov. 
Construction of the DLL test fuselage 
took only four months, and on 28 May 
1969 it was sent to CIAM for ground 
testing. Getting the engines installed 
and instrumented took until the end of 
the year, and static testing took until 
late June 1970. The DLL was then 
taken to LII where in July it was 
installed on a hydraulically extendable 
pylon under the selected Tu-16LL 
No. 1002 for testing at 300—950km/h. 
Tasks of the DLL included perfecting 
the engine installations and by exhaus- 
tive operation trying to make them 
reliable. 

Meanwhile Saratov built four air- 
craft, VM-01 (Fuselage callsign 05) for 
ground testing, and VM-02 (callsign 
25), 03 (callsign 55) and 04 (callsign 
45) for flight. VM-01 was completed 
on 14 April 1970, and was sent next 
day to LII Zhukovskii. Here it was 
tethered in a special VTOL centre, 
where Mukhin did tethered testing in 
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May-July 1970. On 27 September he 
made the first free hover, to a height of 
0.5m (20in). The fuselage of VM-02 
was built in forty days (10 April to 20 
May 1970), and the aircraft was com- 
pleted on 5 October. Mukhin began 
taxi testing at LIT on 24 November 
1970. Three days later a short hop was 
made, and on 2 December Mukhin 
made a CTOL (conventional takeoff 
and landing) flight, at speeds from 280 
to 400km/h (174 to 249mph). 

In early 1971 the OKB improved 
VM-01 and -02, among other things 
lengthening the nose into a more 
pointed downsloping cone and raising 
the cockpit and canopy. VM-02 was 
then assigned to OKB pilot Mikhail S 
Deksbakh, and VM-03, which was 
completed on 29 March 1971 to the 
new standard, was assigned to Yu A 
Shevyakov. They were supported by 
OKB pilot O G Kononyenko and NII- 
VVS pilot V P Khomyakoy, chief of the 
test programme being Ist Deputy 
General Designer K B Bekirbayev, 
supported by A M Isayev from the 
Saratov plant. 

VM-03 made its first flight in the 
CTOL mode on 25 May 1971. On 16 
July Shevyakoy lost control during a 
fast conventional landing and 03 over- 
turned on the runway, repairs taking 
until 19 June 1972. Asa result the track 
was increased to 2.76m (108.7in), by 
inclining the extended main legs out- 
wards, and a 13sq m (140sq ft) 
parabrake was added in a box under 
the rear fuselage, streamed pneumati- 
cally. Other additions introduced in 
1971-72 included longitudinal dams 
(strakes) under the fuselage to reduce 
reingestion, a flat plate ahead of each 
main-engine inlet (separated from the 
fuselage wall by a short gap for bound- 
ary-layer air), five spring-loaded 





wed, hovering. (Petrov Collection via RART) 


suck-in auxiliary inlets round the 
main-engine inlet duct to admit extra 
air in VTOL or hovering flight, and a 
large triangular glassfibre antenna on 
top of the fin, the top of the rudder 
being inclined to match and its chord 
increased. 

In early 1972 LII began intensive 
factory testing, in the course of which 
Deksbakh made the first complete 
two-transition flight profile, with a 
VTO, high-speed test and vertical 
landing. Policy then changed, and to 
save money and time schedules were 
planned for GSI, combined factory 
and State testing involving the OKB, 
NII (VVS and VMF) and MAP. These 
tests comprised ‘A’-part without full 
equipment (by which was meant 
avionics and armament) and ‘B’-part 
with full equipment. GSI involved 
aircraft VM-02, 03 and also 04 Callsign 
45, which had been built in February- 
December 1972. Part A for all three 
aircraft was completed by 30 Septem- 
ber 1973, even though all were being 
continually modified. In 1972 Deks- 
bakh had trained ona Ka-25 helicopter 
aboard Moskva, and on 18 November 
1972 he made a vertical landing on this 
ship with VM-02. Four days later he 
made a full-profile (two transitions) 
flight from this ship. There was a big 
celebration at the OKB, and the date 
22 November is regarded as the birth- 
day of Soviet carrier aviation. 

All ‘A and ‘B’ parts for all VM pro- 
totypes were completed on 30 Sep- 
tember 1974. Series production: was 
ordered from Saratoy, with A-VMF 
designation Yak-36M (Modifitsirovan- 
nyt, or Morskoi, sea). The plant had 
organized tooling and materials from 
1970, in advance of an order. By Feb- 
ruary 1975 the VM prototypes (not 
including the VMU trainers, see later) 


had made 672 flights. They continued 
to play a training and development 
role, and in fact the first aircraft to land 
on Kiev, in May 1975, was VM-02. 
Data for VM-02 as built: 


Span 7.022m (23ft 0'4in); span (folded) 4.4m 
(14ft 5’%in); length (excluding PVD) 14.71m 
(48ft 3sin); wing area 18.69sq m (201sq ft). 

Weight empty 6,650kg (14,660Ib); fuel 
2,750kg (6,063lb); maximum loaded weight 
(VTO, ISA) 10,300kg (22,707Ib), (ISA+30C) 
9,100kg (20,062Ib). 

Maximum speed 1,150km/h (715mph) at sea 
level; no other data. 


Yak-36M The first three series 
aircraft were completed by the end 
of 1974. Aircraft 0101 was sent 
to NII-VVS Akhtubinsk, 0201 went 
to a special base formed near the 
Nikolayev (Black Sea) shipyard which 
was building Kiev, the first carrier, 
and 0301 went to LI Zhukovskii. The 
second series comprised five aircraft, 
and the third and subsequent series 
numbered ten. Two early aircraft 
crashed. No. 0302 lost a lift engine 
while landing, Deksbakh being injured 
because the SK-E was switched off. 
Conversely, the SK-E fired in error, 
catapulting Khomiakov through the 
canopy, while 0903 was still at low level 
accelerating to wingborne flight. The 
aircraft carried on for another 18 min- 
utes until it stalled at 8,000m (over 
26,000ft) and spun into the snow, yet 
was repairable. 

Most early aircraft were sent to the 
Ist Vertical (Trials) Regiment at Saki, 
in the Crimea. The CO, Col Feoktist 
Matkovyskii, made his first landing on 
Kiev on 15 December 1975. This fol- 
lowed OKB and State trials aboard the 
ship cruising in the Black Sea. 


Yak-38 Following completion of 
Part-B testing of the series Yak-36M 
on 11 August 1976 the aircraft was 
officially accepted into A-VMF ser- 
vice, with the designation Yak-38. The 
first squadron embarked in Kiev the 
previous month, and together with 
supporting helicopters was heralded as 
the world’s first jet V/STOL unit to 
go to sea. At that time the Yak-38 had 
been cleared for VTOL deck opera- 
tions only, and on the long shakedown 
cruise to Murmansk, when both ship 
and aircraft could at last be watched 
and photographed, Western observers 
offered various explanations why 
rolling takeoffs were impossible. 
Because of its radical nature both 
the basic design and the equipment of 





Yak-38 improved trials unit aboard Kiev. ((Petroy Collection via RART) 


the Yak-38 were improved constantly. 
Its basic limitation was its very limited 
useful load, which was further reduced 
by high ambient temperatures. During 
the first ship trials in summer 1976 the 
Black Sea area was often so hot that no 
armament load could be carried at all, 
even with reduced fuel. For this reason 
STOL or STOVL operations were 
eagerly awaited, but clearance was not 
given until late 1979. 

No internal armament was ever 
carried, though one aircraft made 
prolonged GSI tests with a GSh-23L 
gun scabbed under the fuselage in a 
GP-9 pack as used on some MiG-21s. 
Eventually it was agreed this gun had 
to be carried externally in one or two 
UPK-23-250 pods, occupying the 
outer pylons under the fixed inner 
wing. At no time did total armament 
load exceed 1,000kg (2,2051b) in the 
VTOL mode, or double this weight in 
STOL. The most important weapon, 
carried back in 1971 by VM-02, was 
the Kh-23 missile, used primarily in 
the anti-ship role. This weapon, 
weighing 282 or 287kg (622 or 6331b), 
could be command-guided over ranges 
up to 10km (6%miles) by a Delta-NG 
radio pod carried under the fuselage. 
Other loads included the usual range 
of rockets and launchers up to 240mm 
size, or two FAB-500 or four FAB-250 
bombs, on BDZ-60-23FI pylons, or 
two ZB-500 incendiaries, or ‘special 
armament’ of two RN-28 tactical 
nuclear bombs. Pairs of R-60 or 
R-60M self-defence missiles could be 
carried on the outer pylons, but lack of 


radar was a handicap in the air-to-air 
role. 

Though one aircraft tested different 
sights, the standard fit was the 
ASP-PFD-21, originally designed for 
the MiG-21, with a small ranging 
radar in the tip of the nose. Other 
avionics included the SAU-36 auto- 
pilot, Zester flight-control computer, 
R-860-I radio, RSBN-36 short-range 
navaid, ARK-15M_ radio compass, 
RV-5 radar altimeter, MRP-56P 
marker receiver, SSh-45—100-OS 
photographic control, SRO-2M IFF, 
Sirena-3M (Siren) radar warning, 
and either the Sirena-I or Gvozdika 
(Carnation) active jammers. 

Continued upgrading resulted in 
the R27V-300 main engine being 
cleared to 6,800kg (14,991Ib) in late 
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1976. Hovering performance was fur- 
ther improved by the lift engines being 
replaced by the RD36-35VFR (R 
meaning ‘speeded up’), which by 
increasing rpm from 12,250 to 12,450 
increased sea-level ISA thrust from 
2,900 to 3,050kg (6,725lb). These 
engines were first fitted to Yak-38 No. 
71590, but were retrofitted to most 
earlier aircraft. 

This made a significant difference 
to the load of fuel or weapons that 
could be carried, but was not apparent 
externally. In contrast, a highly visible 
improvement was the addition of fur- 
ther strakes under the fuselage and 
large strakes on top. The ventral 
strakes were additional dams to reduce 
reingestion, and resulted in such bar- 
riers extending unbroken (though 
varying in height) from the nose 
undercarriage to the main-engine noz- 
zles. The dorsal strakes were nothing 
to do with reingestion, but were fences 
to reduce lift-engine compressor stalls 
caused by turbulence in the inlet flow. 

Among other changes was a wel- 
come switch to the Zvyezda K-36DM 
seat, controlled by the SK-EMII auto- 
matic system. The latter was cleared to 
950km/h at the minimum safe height 
of 40m (131 ft), and at higher altitudes 
from 140 to 1,100km/h. First fitted to 
No. 02709, this was retrofitted to all 
earlier aircraft. 

The Yak-38 was accepted by the 
A-VMF as an essential intermediate 
stage, without which the introduction 
of really capable V/STOL combat air- 
craft would be very difficult. In 1978 
the second 40,000-ton cruiser, Minsk, 
entered service, and at once undertook 
intensive STOL trials. Rolling takeoffs 
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alone added some 1,400kg (3,0861b) to 
the fuel/weapons load, and run-on 
landings made a further small con- 
tribution whilst extending the life of 
the engines. A routine was established 
in which, with the lift-engines at full 
aft, the run began with the main 
nozzles at zero deg, a stick thumb- 
switch flicking them to 60 deg on 
leaving the deck and then gradually 
returning to horizontal whilst shutting 
off the lift engines. 

In July 1979 Kiev and Minsk (en 
route to Vladivostok) met in the 
Mediterranean and five aircraft from 
each did joint formation exercises, to 
the astonishment of the US Navy. In 
April-June 1980 four aircraft operated 
in Afghanistan, but the high ambient 
temperature precluded flying any use- 
ful missions. The aircraft was then 
still restricted to VTOL, and even 
with minimal fuel/ weapons could not 
operate at all during the heat of the day. 
More successful trials were flown in 
September 1983 by Col Yu N Kozlov 
and others from a civil Ro-Ro (roll-on, 
roll-off) ship, Agostinio Neto, using a 
special 18 by 23-m (59 by 75-ft) plat- 
form made of K-1D_ heat-resistant 
alloy. State trials were then flown by 
Akhtubinsk pilots V V Vasenkoy and A 
I Yakovenko from another Ro-Ro, 
Nikolai Cherkasov. Other trials fea- 
tured taking off from special ground 
platforms (hidden in forests, for exam- 
ple) and landing at a different location. 

Total production at Saratov of the 
Yak-38 amounted to 143 aircraft, 
delivered in 1975-81. The ASCC 
name was ‘Forger-A’. 





Length (excluding PVD) 15.43m (50ft Thin), 
(overall) 16.37m (53ft 8%in); span and wing area 
unchanged. 

Weight empty 


7,370kg (16,240Ib); fuel 


2,500kg as before; weapons (VTO) 700kg 
(1,542Ib), (STO) 1,000kg; maximum loaded 





Yak-38M at Khodinka. (RART) 
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weight (VTO) 10,300kg (22,707Ib), (STO, 90- 
m/295-ft run) 11,300kg (24,912Ib). 

Maximum speed 1,150km/h (715mph) at sea 
level, 1,020km/h (634mph, Mach 0.96) at 
11,000m; at high altitude cleared to dive to Mach 
1.35; initial climb (ISA, 10,300kg) 75m/s 
(14,765ft/min); service ceiling (same) 11,000m 
(36,090ft); range at high-altitude (OKB figures) 
in VTOL mode, 410km (255 miles) with 700kg 
weapon load, in STOL mode 600km (373 miles) 
with 1,000kg weapon load. 


Yak-38U At the start of the pro- 
gramme it was agreed that, because of 
the foreseen difficulty of flying the 
VM, a dual trainer version should be 
developed. The Prime Minister signed 
the order for this on 28 December 
1967. The OKB designation was 
VMU. It differed in having a grossly 
enlarged forward fuselage, to provide a 
pupil cockpit. Its datum was tilted 
downwards, giving a grotesque bro- 
ken-backed appearance, to improve 
the forward view of the instructor, in 
the original cockpit. The cockpits were 
unpressurized, and each had its own 
side-hinged canopy and a K-36VMU 
seat linked to the two-pilot SK-EM 
automatic system. The short nose 
resembled that of VM-01. To preserve 
balance a plug section was added aft of 
the wing. Equipment included an 
SAU-36U autopilot and SPU-9 inter- 
com. Various armament provisions 
were designed, but series trainers had 
no sight nor pylons. 

VMU-01 was built at OKB-155 and 
sent to LI] Zhukovskii on 24 March 
1972. After a year of ground testing it 
first flew on 23 March 1973. It flew its 
first complete profile on 30 March 
1974, and after training A-VMF pilots 
at Akhtyubinsk was sent to Saki where 
it was erected as a monument. Series 
aircraft were ordered as the Yak-36U, 
a designation changed in A-VMF 
service to Yak-38U. The first two series 


trainers, 0101 and 0102, were com- 
pleted in June 1975. They were sent to 
Saki, where ‘B’-part testing was not 
completed until September 1977. 

The second series comprised three 
aircraft, 0202 being a static-test air- 
frame. All subsequent series were five, 
production being completed at the 
38th trainer in 1981. Either two or 
three were embarked in each ship, 
together with (usually) twelve single- 
seaters. The ASCC name was ‘Forger- 
B’. Data differences: 





Length (overall) 17.76m (58ft 34in). 

Weight empty 8,390kg (18,496lb); fuel 
2,500kg capacity, but weight-limited to 1,400kg; 
maximum loaded weight (VTOL or STOL) 
10,000kg (22,0501b). 

Maximum speed 850km/h (528mph) TAS at 
any height; service ceiling (crew-limited) 5,000m 
(16,400ft); range (OKB figure, surely optimistic) 
700km (435 miles). 2 


Yak-36-70F Projected supersonic 
light fighter version of 1970 with vari- 
able inlets to twin afterburning 
lift/cruise engines (no lift engines); 
bicycle undercarriage. 


Yak-36A Projected version with 
R-49V lift/cruise engine and two lift 
jets; fuselage finally completed as a 
DLL for air test under Tu-16. 


Yak-36O0 This development of the 
Yak-36M was to be an improved ship- 
based operational aircraft. It was to 
have had a redesigned fuselage hous- 
ing a Type 55 engine, in the 15,000-kg 
(33,070Ib) thrust class. Later this 
engine was to be replaced by the 
R-61V. These engines have not yet 
been identified. 


Yak-36P Radar-equipped intercep- 
tor project with medium-range 
AAMs. 





Yak-38M Several _less-ambitious 
upgrades were tested im the VMM 
prototype and finally introduced 
to production. Most important were 
engines of increased power. The 
Tumanskii (later Soyuz) engine KB 
continued to develop the lift/cruise 
engine, and by 1979 new Chief 
Designer Oleg Favorskii had begun 
testing the Jzdeliye ‘59’, originally 
designated R27VM-300 and_ finally 
R28V-300. This retained the combus- 
tion chamber and turbine almost 
unchanged but had slightly longer 
compressor blades handling increased 
airflow. Takeoff rating was 6,940kg 
(15,3001Ib). Meanwhile, at the Rybinsk 
engine plant new Chief Designer 
Vladimir Galiguzov had developed 
the RD-36-35F VR into the RD-38, 
with increased airflow and higher 
(1,090 deg C) turbine temperature to 
give a thrust of 3,250kg (7,1651b). 

‘The extra power made a big differ- 
ence to the load of fuel and weapons 
that could be lifted, though the rest 
of the aircraft was little altered. 
The main-engine inlets were slightly 
widened, the nosewheel was given 
power steering, and the wing hard- 
points were all uprated to 1,000kg, the 
inners being plumbed for drop tanks. 

The OKB called the aircraft VMM 
and Jzdeliye ‘82’. Chief engineer was 
S A Simyakoy. Four prototypes were 
built at the OKB, designated 82-1 to 
82-4, plus LL-82, an aerodynamic- 
test fuselage. The first two prototypes 
appeared in 1982, the first flight being 
on 30 November 1982 by OKB pilot 
Yu I Mitikov, who had played a big role 
in operational development of earlier 
versions at sea. The first complete 
profile was flown on 10 February 1983. 

Saratov built fifty Yak-38M, painted 
in pale, two-tone grey. A small num- 
ber of earlier aircraft were upgraded 
to this standard. Sea trials began with 
82-1 aboard Minsk in spring 1984, 
the pilot being the OKB’s Andrei 
A Sinitsyn. Though more sprightly 
than the Yak-38, and also probably 
more reliable, the Yak-38M offered 
little extra because, amazingly, no 
suitable drop tanks were ever pro- 
duced. According to designer Arkadii 
Zvyagintsey, ‘Without external tanks 
the Yak-38M is no better than the 
Ka-29 helicopter’. 

Production aircraft were delivered 
to Saki for the Black Sea Fleet and to 
Severomorsk for the Northern (Arc- 
tic) Fleet. According to the OKB, 





the Royal Air Force operated 241 
Hawker Harriers in 1969-80, losing 
twenty-five pilots in  eighty-three 
crashes, while the A-VMF operated 
115 Yak-38 in 1974-80, losing only 
four pilots in thirty-six crashes. Since 
1980 the survivors were replaced by 
the Yak-38M, very few of whom were 
lost. In 1991—93 all four of the carrier- 
cruisers were withdrawn, and the 
Yak-38M regiments were disbanded, 
the last in early 1993. Several ‘Forgers’ 
are preserved, 0201 being in the 
Yakovley museum, one of the first 
series aircraft (Yellow 14) being at 
Monino and one of the last Yak-38Ms 
to be built (Yellow 88) being at 
Zhukovskii. 

In summer 1992 OKB pilots Sinit- 
syn and Yakimov took a Yak-38U to 
the USA where it was flown by two ex- 
US Navy pilots, the first foreign pilots 
to do so. In September 1992 a Yak- 
38M was demonstrated at Farnbor- 
ough. Today all the Yak-38/38M 
aircraft are stored. They suffered from 
limited range/payload and short TBO 
(time between overhauls) but, in the 
hardest possible way, solved all their 
many problems and provided a 
foundation on which a more capable 
successor could build. As the Yak-38M 
looked like a Yak-38 the ASCC name 
did not change. Yak-38M differences: 


Weight empty 7,490kg (16,512Ib); fuel 
2,750kg internal as before, 3,350kg (7,3851b) 
including external tanks; maximum loaded 
weight (VTO) 11,000kg (24,250Ib), (STO) 
11,800kg (26,0141b). 

Speed/altitude unchanged; range (STO, hi- 
lo-hi, 1,000kg weapons) 600km (373 miles); 
ferry range 1,300km (808 miles). 








Yak-40 Series 2 at Paris airshow 1973. (RART) 
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Yak-38L Project with Lyul’ka 
AL-2IF lift/cruise engine. 


Yak-38MP Project with Fazotron 
N-019 radar and advanced nav/attack 
systems. 


Yak-39 Projected multi-role fighter/ 
attack version with multi-mode radar 
forming part of PRNK-39 avionics 
kompleks, larger wing, greater fuel 
capacity and increased spectrum of 
weapons. Never flown because of ‘lack 
of interest by the MAP and A-VMF’. 





Yak-40 





By the 1960s Aeroflot had for many 
years been studying how best to 
replace the Ilyushin II-12, I-14 
and Lisunoy Li-2, which with the 
Antonov An-2 biplane operated virtu- 
ally all local-service scheduled flights 
throughout the Soviet Union. There 
was always agreement the the aircraft 
would have gas-turbine engines, and 
Yakovlev produced various studies 
with propeller-turbines, but by 1964 
he had come round to the view that 
there was much to be said for a STOL 
jet. This was despite the fact that there 
was no demand for high speed, the 
emphasis being on reliability and the 
ability to operate in ICAO Cat II 
weather from Class 5 airfields (un- 
paved strips shorter than 700m, 
2,300ft). 

In the early 1960s jet-lift schemes 
were in fashion, and the OKB studied 
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Yak-40 VTOL model. (OKB) 


the addition of lift jets, as described 
later. Such arrangements were eventu- 
ally judged to be impracticable, and in 
1964 the OKB received a GVF (civil 
air fleet) agreement on a conventional 
aircraft in the 20/25-seat class, with an 
unswept wing and powered by three 
new turbofans to be developed by 
A I Ivchenko at Zaporozhye, Ukraine. 
Under Deputy General Designer Ye G 
Adler, R S Petrov and M A Shcherbina 
were appointed chief engineers. The 
founder’s elder son, Sergei A Yakovlev, 
was given his first major responsibility 
as chief project engineer. 

The idea of a slow jet transport was 
unusual, but appeared to offer the best 
compromise between simplicity, low 
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capital and operating cost, reliability 
and market appeal. Among the 
demands were a 30,000-hr structure 
life, independence of airport facilities 
and the ability to meet foreign certifi- 
cation requirements. 

The configuration that emerged was 
unusual, in that the passenger cabin 
was ahead of the wing. Behind the 
wing was a short rear fuselage housing 
three engines and a ‘[+tail which, 
because of its short moment arm, had 
to be relatively large. This left the wing 
uncluttered, and to avoid cutting into 
the pressure cabin it was mounted 
beneath the circular-section fuselage. 

Wing aspect ratio was 9, with an 
SR-9 series profile with a thickness/ 


chord ratio of 15 percent at the root 
and 10 percent at the tip. Dihedral was 
no less than 10 deg (a contrast with the 
—10 deg of the Yak-36M). The wing 
was made in left/right halves joined at 
the centreline, with the main spar run- 
ning straight from tip to tip and auxil- 
iary spars at front and rear. Ruling 
materials were D16 and D19, and the 
skins were applied in large chem- 
milled panels. Each wing had three 
large sections of tracked slotted flap 
joined by flexible links, driven to 15 
deg for take-off and to 35 deg for land- 
ing. Outboard were two-part manual 
ailerons with inset hinges, the inboard 
section having a trim tab. 

With a diameter of 2.4m (94.5in), 
the fuselage was a simple ring-frame 
and stringer structure, again assembled 
by riveting, spot-welding and adhesive 
bonding. The nose section was made 
separately, with a cockpit floor slightly 
higher than the low-density, foam- 
sandwich-filled floor of the main cabin. 
There was an outward-opening service 
door at the front of the cabin on the left, 
and eight circular windows on each 
side, the rearmost being located in an 
emergency escape hatch. The rear 
pressure bulkhead just behind the 
wing contained the main passenger 
door. It also carried the main mount- 
ings for the Nos. 1 and 3 engines and 
the hinge for the hydraulically oper- 
ated rear stairway, which extended over 
seven frames along the underside of 
the rear fuselage. 

The rear fuselage housed the centre 
(No. 2) engine, fed by an S-duct from 





























Yak-40 VTOL with eight fuselage-mounted lift jets. (OKB) 








an inlet above the rear fuselage. 
Specially designed for this aircraft, the 
AI-25 engine was a two-shaft turbofan 
with a bypass ratio of 2.15. Features 
included a three-stage fan discharging 
through a full-length duct, eight-stage 
HP compressor, annular combustion 
chamber, and, in the Yak-40, an SV-25 
pneumatic starter. Takeoff thrust was 
1,500kg (3,307Ib), and dry weight 
320kg (705lb). The engines had no 
jetpipe or reverser. 

The inlet to the centre engine was 
faired straight back into the large fin, 
with a leading-edge sweep of 50 deg, 
not for high-Mach reasons but to move 
the high tailplane further back. The fin 
carried the manual tabbed rudder on 
three inset hinges. At the top was a 
bullet fairing ahead of the unswept 
tailplane, of 13.03sq m (140sq ft) area, 
driven by an irreversible jack for trim- 
ming purposes and carrying inset- 
hinge manual elevators. 

Each undercarriage unit had a 
nitrogen-oleo shock strut with its 
lower end pivoted to a single wheel on 
a levered-suspension arm. To increase 
track to 4.52m (14ft 10in) the KT-140 
mainwheels were mounted on an a 
xle on the outboard side of the arm. 
Each had multi-disc brakes with 
anti-skid control, and a 1,120 by 
450mm tyre inflated to 3.5-4.0kg/sq 
cm (49.8-56.9Ib/sq in), suitable for 
unpaved airfields. It was pivoted to the 
back of the main spar and retracted 
straight in, the unfaired wheels almost 
touching on the centreline. The nose 
unit had a fork for a Kz-27 wheel with 
a 720 by 310mm tyre, power-steered 
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Yak-40 (inset, rear view showing airstairs). 

















over +55 deg and retracted forwards 
into a bay with twin doors. Wheelbase 
was 7.47m (24ft 6in). 

Behind the centre-engine inlet was 
the Ivchyenko AI-9 APU (auxiliary 
power unit), whose main function was 
to provide compressed air for main- 
engine starting, but which could also 
provide air-conditioning for the cabin 
on the ground. With one engine 
running its compressor could provide 
bleed air for starting the others. Hot 
bleed air was also used to de-ice the 
wing and tail leading edges and engine 
inlets. The entire wing between the 
main and front spars from the root rib 


to the aileron formed integral tanks for 
a total of 3,800 litres (839.9gal). The 
engine bays had fire and ice protection 
systems, vibration monitors and oil 
chip detection. 

The cabin was pressurized and en- 
vironmentally controlled by systems 
energized by bleed air, the maximum 
pressure differential being 0.3kg/sq 
cm (4.26lb/sq in). Electric power was 
provided by a VG-7500-1A gener- 
ator on each engine charging two 
KNVN-20-25 Ni-Cd batteries. Two 
PO-1500 inverters provided AC at 
115V, while P'T-1000 and PT-500 
inverters provided three-phase at 36V, 
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The cabin was 6.7m long in the 
prototype, later extended aft, with an 
extra window on each side, to a length 
of 7.07m (23ft 2%in). Seating was 
planned to be for twenty-four passen- 
gers (two plus one), with a baggage bay 
and toilet at the rear and a shelf for 
hand baggage along the right side. 
Many other schemes were studied, and 
among features rejected at the design 
stage were spoiler/lift dumpers above 
the wings and bogie main under- 
carriage. 

The first of five prototypes, 
SSSR-1966, was first flown on 21 
October 1966 by OKB pilots A L 
Kolossov and Yu B Petrov. The others, 
with dihedral reduced to 5° 30', were 
19661, 1967, 19671 and 19672. With so 
many it was possible to achieve certifi- 
cation in 1968. A year earlier, in 1967, 
large orders were placed at Saratov, 
supported by parts-manufacture at 
Smolensk. Initial series aircraft dif- 
fered from the prototypes mainly in 
having the longer cabin and a back- 
sloping inlet to the No. 2 engine. 
Passenger service began on 30 Sep- 
tember 1968. The ASCC alotted the 
name ‘Codling’. 












i pias aeit See 
He Ne p= Ck “OR x Span 25.0m (82ft O4in); length 20.19m (66ft 


2%in); wing area 70sq m (753.5sq ft). 





Weight empty 9,010kg (19,8631b); fuel 
From the top, left to right: Yak-40 prototype; tails of Series 1, 2, 3 and 4; noses of 40-25, 40-M602 3,050kg (6,7241b); payload 2,280kg (5,026lb); 
propeller-turbine and 40REO; tail of Kalibrovshchik; and noses of Liros, Shtorm, 40P, Fobos, Meteo maximum loaded weight 13,150kg (28,9901b). 
and Akva. (K. Udaloy Archive) Maximum speed 600km/h (373mph) at sea 
level; cruising speed 550km/h (342mph) at 








for avionics and such duties as wind- 
screen anti-icing. The Nos. 1 and 
2 engines drove NP-72M_ hydraulic 
pumps, serving two independent 
systems filled with AMG-10 oil with 
a cutout pressure of 150kg/sq cm 
(2,135lb/sq in). These systems pow- 
ered the flaps, undercarriage, brakes, 
airstairs and tailplane drive. 

The cockpit was arranged for two 
pilots with a central console. Equip- 
ment included Groza-40 (Thunder- 
storm) weather radar, MVL-40E 
autopilot, Privod ANE-1 flight direc- 
tor, GMK-1G gyrocompass, ARK-9 
(later ARK-10) radio compass, 
KURS-MP-2 VOR/ILS, RV-5 radar 
altimeter, twin AGB-3K_ horizons, 
MRP marker, SO-70 IFF transponder 
and dual Landysh-5 (lily of the valley) 
VHF radios. This fit later proved ade- 
quate for certification to ICAO Cat II, 
50-m cloudbase and 500-m horizontal : 
visibility. Model of Yak-40 project with two high-bypass engines and swept wing. (OKB) 





7,000m (22,970ft); initial climb  8m/s 
(1,575ft/min); service ceiling (also maximum 
cruising altitude) 8,000m (26,250ft); range (24 
passengers, 550km/h) 1,050km (650 miles); 
take-off run 550m (1,800ft); landing speed 
110km/h (68mph), landing run 500m (1,640ft). 


Second series Modifications in 
1969 added a lateral clamshell reverser 
to the centre engine, an extra outer- 
wing tank bay increasing capacity to 
3,910 litres (860gal), strengthened 
main undercarriage and a ninth row 
of seats to provide a total of twenty- 
seven. 





Length 20.36m (66ft 9/4in). 

Weight empty 9,400kg (20,723lb); fuel 
3,180kg (7,0111b); maximum loaded weight 
14,700kg (32,407Ib). 

Range (27 passengers, 470km/h [292mph]) 
1,800km (1,118 miles); landing run 320m 
(1,050ft). 


Third series In 1973 the Yak-40 
was cleared to significantly higher 
weights, and customers were given 
the option of a new standard interior 
for thirty-two passengers. Minor 
changes included removal of the 
tailplane bullet fairing and the nib- 
type nacelle/pylon fairing. 


Weight empty 9,685kg (21,351Ib); payload 
2,720kg (5,996lb); maximum loaded weight 
16, 100kg (35,494Ib). 

Range with maximum payload 1,450km (900 
miles). 


Fourth series In 1975 the final 
series version entered production, 
with payload increased to 3,200kg 
(7,055lb), and with interiors arranged 
for two passenger classes or for rapid 





Model of Yak-40 four-engined project. (OKB) 


conversion from passengers to cargo. 
Upturned strips were added behind 
the ailerons and downturned strips 
behind the outboard flaps. 


Yak-40K A few of the fourth series 
were of this cargo version with a door 
on the left side, behind the service 
door, with a width and height of 1.6 by 
1.5m (63 by 59in). 

Altogether Saratov delivered 1,011 
aircraft, ending in 1981. By 1993 
Aeroflot Yak-40s had carried 354 mil- 
lion passengers, and many are still in 
service with CIS operators. In 
1967-76 the OKB and Aviaexport 
demonstrated the Yak-40 in seventy- 
five countries. In 1972 it was certifi- 
cated in Italy and West Germany; UK 
certification was completed but the 
document was not issued. A total 
of 130 aircraft were exported to 
Afghanistan, Angola, Bulgaria, Cam- 
bodia, Cuba, Czechoslovakia, Equato- 
rial Guinea, Ethiopia, Germany, 
Hungary, Italy, Laos, Malagasy, 
Poland, Syria, Vietnam, Yugoslavia 
and Zambia. Czechoslovak pilots fly- 
ing a Yak-40K set twelve world class 
records (Appendix 3). 


Yak-40 VTOL As noted earlier, 
Yakovlev considered jet-lift V/STOL 
versions. ‘Two are illustrated. One has 
two turbofans for propulsion, with an 
APU (auxiliary power unit) in the tail, 
and eight RD36-335 lift jets (as used on 
the Yak-36M) in fireproof bays in front 
of and behind the passenger cabin. 
The other has the propulsion system 
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actually adopted, but a smaller wing 
(matched to cruising flight) on which 
six RD36—35 lift jets were arranged in 
two nacelles, the main spar passing 
between the centre and rear jets on 
each side. 


Yak-40M Projected stretched version 
for forty to forty-four passengers. A 
model photo shows one of these studies 
with four engines, a slatted wing and 
twin-wheel main undercarriage. 


Yak-40DTS Only the designation 
has been discovered, which could (for 
example) mean ‘long-range cargo 
transport’ version. 


Yak-40P Conversion of Yak-40K 
with large nacelles projecting ahead of 
the wings. 


Yak-40REO Conversion with very 
large ventral canoe for IR linescan, 
lateral observation blister on right and 
special guidance. 


Yak-40 Liros Conversion with 
four/six slim pylons and a long nose 
probe carrying air and air-data sensors. 


Yak-40 Shtorm Conversion with 
multiple probes/sensors, and scabbed- 
on dispensers along the forward fuse- 
lage. 


Yak-40 Akva (Aqua) conversion 
with a nose probe, pylon-mounted 
sensors, scabbed-on fuselage dis- 
penser and underwing active jammer 
pods. 


Yak-40 Meteo Another conversion 
with multiple dipole antennas and 
scabbed-on dispensers. 


Yak-40 Fobos (Phobos) conversion 
with two dorsal viewing domes and a 
removable window each side. 


Yak-40 Kalibrovshchik Conver- 
sion with ‘farm’ of blade, dipole and 
planar-spiral antennas. 


Yak-40-25 Conversion with nose of 
MiG-25R, with SRS-4A Elint instal- 
lation. 


Yak-40 M-602 Flying testbed with 
Czechoslovak M 602 propeller-turbine 
in the nose. 
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Yak-40TL Projected version with 
two (not three) Lycoming LF507—-1N 
turbofans, joint programme between 
Skorost and Textron (now Allied- 
Signal) Lycoming. The original pro- 
ject would have had a slightly swept 
wing. 
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It was always understood that the 
Yak-36M was an interim aircraft, 
developed in order to gain both design 
and operating experience. The Navy 
had a firm requirement for a definitive 
ship-based combat aircraft. The origi- 
nal demand stipulated only one mis- 
sion: air defence of the fleet. The TTT 
(tactical/technical requirements) in- 
cluded sustained supersonic speed, 
agility for manoeuvring air combat, and 
radar and weapons similar to those of 
the latest land-based Frontal Aviation 
fighters. There was no design compe- 
tition, Yakovlev receiving a design 
contract in 1975. The OKB called the 
project /zdeliye (Product) ‘48’, and 
the Service designation was Yak-41. 

Yakovlev assigned a large part of the 
OKB to this programme, the chief 
engineers (each with a specific area of 
responsibility) being G A Matveyevy, 
G A Markov, G A Fedotov, A D 
Ryazanov, V G Kuznetsov, A K 
Yegorov, V A Shalygin, V I Antonov, 
V I Zotov and K F Popovich. Over fifty 
configurations were studied, one of 
the complicating factors being that for 
supersonic performance it was desir- 
able for the propulsion engine(s) to 
have an afterburner. Several of the 
possible layouts had two lift/cruise 
engines, but failure of either in the 
hovering mode would have resulted in 
extremely rapid roll, unless complex 
jetpipes were used as in the stillborn 
twin-Spey Hawker P1154. With a 
single main engine the main difficulty 
was bringing the nozzle sufficiently far 
forward. 

Calculations repeatedly showed that 
the engines-plus-fuel weight would be 
minimized by having a main engine 
sized to meet the requirements of 
high-speed flight, with separate lift 
engines for use during VTOL. Even- 
tually the decision was taken to use a 
configuration similar to that of the 
Yak-36M, but with the main engine 
fitted with a single vectoring nozzle 
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only a short distance behind the cen- 
tre of gravity, its thrust in the hovering 
mode being balanced by two lift jets 
behind the cockpit as before. Use of 
differential control of thrust of the 
main and lift engines for longitudinal 
(pitch) control enabled air bleed 
demand to be halved, from 20 to 10kg 
(22Ib) per second. 

Yakovlev collaborated with the 
Central Institute of Aviation Motors 
and with the engine design bureau, 
later named Soyuz (Alliance), which 
had created the R27V engine used 
in the Yak-36M. For this larger, 
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A selection of naval V/STOL project models. (Piotr Butowski) 


highly supersonic aircraft the thrust 
demanded from the main engine was 
about 15,000kg (33,000Ib). Several 
studies had a main engine with a flat 
rectangular nozzle, which could more 
conveniently not only vector down- 
wards but also change its shape into 
the convergent and then divergent 
profile demanded for supersonic 
flight. Such a nozzle conveniently 
fitted under a wide but shallow rear 
fuselage, but the configuration finally 
adopted was to use a circular nozzle 
and carry a twin-finned tail on twin 
booms. 







































































Yak-41M (‘Yak-141’) as built. 








The final design had a sharp-edged 
boxy appearance, the structure being 
mainly D1, D16 and AK-6 aluminium 
alloys, but with several major parts 
subjected to high temperatures made 
of titanium, and with no less than 26 
percent (including all movable sur- 
faces) made of graphite or glass com- 
posites. ‘he design load factor, with 50 
percent fuel, was 7. 

The wing was mounted at the top of 
the fuselage above the main engine, 
with —4 deg anhedral. It resembled a 
larger version of that of the Yak-36M, 
but with thickness/chord ratio re- 
duced to 4 percent, the outer panel 
swept back instead of just having 40 
deg taper on the leading edge, and the 
leading edge outboard of a composite 
LERX (leading-edge root extension) 
being hinged to form a powerful droop 
flap. The inboard wing had plain flaps. 
The outer panels folded upwards for 
shipboard stowage, and were fitted 
with ailerons which, like all control 
surfaces, were fully powered and, 
together with the engines and control 
nozzles, were governed by an inte- 
grated triplex fly-by-wire _ flight- 
control system. 

The fuselage had much in common 
with other fighters, such as the MiG- 
31 and F-15. Behind Frame 18 the slim 
nose merged into a much wider body 
of rectangular section with a main- 
engine duct on each side. These ducts 
began with sharp-edged fixed wedge 





inlets standing well clear of the fuse- 
lage to leave a gap for boundary-layer 
air. At full power at low indicated air- 
speeds extra air could be sucked in 
through four square doors in the side- 
wall and a row of large louvres along 
the top. The ducts curved quickly in 
behind the lift engines and No. 1 tank 
to feed the main engine. 

The Soyuz engine bureau was led by 
Favorskii until 1987, and subsequently 
by Vasili K Kobchenko. The proto- 
type R-79, the lift/cruise engine, 
was on test by 1983, and altogether 
twenty-six engines were built, includ- 
ing sixteen for flight test, initially 
under a Tu-16 and seven, designated 
R-79V-300, for the Yak-41M proto- 
types. The R-79 is a two-shaft aug- 
mented turbofan with a bypass ratio 
of 1, maximum airflow of 120kg 
(265lb)/sec and dry weight of about 
2,750kg (6,063Ib). Maximum thrust 
is 11,000kg (24,250Ib) dry, 15,500kg 
(34,1711b) with maximum augmenta- 
tion, and 14,000kg (30,864Ib) with 
maximum augmentation and maxi- 
mum compressor bleed for aircraft 
control. 

Prolonged development was needed 
to achieve stable afterburning during 
vectoring of the nozzle. Some proto- 
type engines had a square or flat rec- 
tangular nozzle, but the final design 
features a circular nozzle with the nec- 
essary variable primary and secondary 
rings of flaps to give the optimum 
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cross-section area, convergent profile 
at low speeds and convergent/diver- 
gent shape in supersonic flight. The 
nozzle is joined to the engine bypass 
duct by three wedge rings which are 
rotated in opposite directions by 
duplicated hydromechanical motors to 
rotate the nozzle from zero deg in 
wingborne flight to 63 deg for STO 
(short take-off) and to 95 deg for VTO 
or VL. 

Meanwhile, the lift-engine design 
team at Rybinsk had been led succes- 
sively by P A Kolesov on the RD36-35, 
V I Galiguzov on the RD-38 and by 
Aleksandr S Novikov on the RD-41, 
the more powerful lift engine needed 
for the Yak-41. This was of course a 
simple, single-shaft engine but with a 
zero-stage on the compressor and air- 
flow increased to 53.5kg (117.9Ib)/sec. 
Apart from the combustion chamber 
and turbine the RD-41 was made 
chiefly of titanium and composites, and 
its thrust rating was 4,100kg (9,040Ib). 
The two engines were installed in tan- 
dem behind the cockpit at an inclina- 
tion of 85 deg, with the nozzles 
deflected to vector the jets over a range 
of 12.5 deg. As before, the fireproof 
bay was covered by a hinged lid with 
eight spring-loaded inlet flaps and twin 
ventral doors. 

All three engines were interlinked to 
a three-channel FADEC (full-author- 
ity digital engine control) system. This 
provided for programmed starting of 
the main engine, air bleed to start the 
lift engines by direct turbine impinge- 
ment, modulation of thrust of all three 
engines to trim the aircraft in pitch in 
hovering flight, nozzle angle of all 
three engines according to pilot 
demand, variation of main-engine fuel 
flow (combustion chamber and aug- 
mentor) in wingborne flight, and air 
bleed to the twin tandem reaction con- 
trol jets at the wingtips and a swivel- 
ling yaw jet under the nose which 
replaced circular yaw valves at the tip 
of each tail boom. 

The rear fuselage comprised noth- 
ing but the curved deck over the main 
engine and fuel tanks and a large 
almost square two-part door under the 
main-engine nozzle, rotated down just 
beyond the vertical by its own 
hydraulic jack in the VTOL mode. 
The deep sidewalls were continued aft 
to carry a slightly outward-sloping fin 
with 40 deg leading-edge taper, to 
which was hinged a small rudder, and 
a horizontal tailplane (US = stabilator) 
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The third Yak-41M. (OKB) 


with leading-edge angle of 50 deg. 
These surfaces were, like the ailerons, 
fully powered and controlled by the 
fly-by-wire system brought into action 
progressively as airspeed built up from 
hovering flight. 

Each main undercarriage unit had a 
steel oleo leg with a pivoted trailing 
lever carrying a wheel with multi-disc 
anti-skid brake, with locking device, 
and 880 by 230mm tyre. It retracted 
forwards beside the duct, the main 
doors being closed with the gear 
extended. The steerable nose gear 
again had a levered-suspension wheel, 
in this case with a 500 by 150mm tyre, 
retracting to the rear. Track was 3m 
(118in) and wheelbase 6.945m (22ft 
94in). 

Apart from the control system itself, 
which initially was of an analog nature, 
prolonged effort was needed to perfect 
the Yak-41M in hovering flight. The 
greater airflow and much higher tem- 
perature and velocity of the jet from 
the main engine made problems of. 
reingestion, thermal damage to the air- 
craft and ground erosion considerably 
more severe than in the previous 
Yakovlev jet-lift aircraft. The control 
system automatically lowered the flaps 
in hovering flight, and, after years of 
testing various transverse and axial 
flaps and strakes under the fuselage, it 
was found possible to divert the jet 
gases away from the engine inlets by 
the open lift-bay exit doors, a horizon- 
tal strake 350mm (13.8in) wide pro- 
jecting along each side of the 
centre-fuselage bottom chine, a hinged 
dam across the fuselage in front of the 
main undercarriage and the large door 
ahead of the main-engine nozzle. The 





skins of the inner faces of the tail 
booms were made of titanium, special 
lagging was wrapped around the main- 
wheel brake pipes, the entire under- 
side of the centre fuselage was coated 
with a thermal-insulating resin putty 


and R-79V augmented operation was 


restricted to 24 minutes. 

A total of 5,500 litres (1,210gal) of 
fuel could be pressure-loaded into 
integral tanks ahead of, above and 
beside the main engine, and a 2,000- 
litre (440gal) conformal auxiliary 
tank could be scabbed on under the 
fuselage. It was intended that series 
aircraft should have a retractable 
flight-refuelling probe beside the 
windscreen, but this was absent 
from prototypes. A 17sq m (183sq ft) 
cruciform braking parachute could 
be streamed from a tube above the 
main engine. Each vertical tail was 
carried on a raised platform which 
was extended as a spine along the 
top of the fuselage forward of the 
wing. 

The cockpit was pressurized and 
air-conditioned, the environmental 
system being served by a ram air inlet 
at the front of the right spine above the 
fuselage. The large fixed bulletproof 
windscreen provided a good view 
ahead, but the small canopy hinged to 
the right gave restricted vision to the 
rear. The Zvezda K-36LV zero-zero 
seat was again linked to an SK-EM air- 
data system which was armed as soon 
as the main-engine nozzle rotated past 
the 30 deg angle with airspeed less 
than 300km/h (186mph). The seat was 
fired if roll exceeded 30 deg, or the 
pitch attitude exceeded 20 deg nose- 
down or 25 deg nose-up. 





The cockpit contained only tradi- 
tional dial instruments, but the avion- 
ics, which initially were based on the 
Phase II suite planned for the 
Yak-36M, were upgraded in 1985 to 
handle a wider spectrum of missions, 
The A-VMF recognized that it was 
foolish to operate such an expensive 
aircraft solely in the air-defence mis- 
sion, and issued a revised TTT 
demanding the carriage of anti-ship 
missiles, bombs, rockets and surface- 
attack missiles. Yakovlev changed the 
Izdeliye number to 48M, and the 
Service designation was changed to 
Yak-41M. 

The new avionics included 
Fazotron S-41M Zhuk (Beetle) pulse- 
doppler radar, laser/TV ranging and 
weapon-aiming, a cockpit multifunc- 
tion display and head-up display, pilot 
helmet-mounted sight, and improved 
navigation systems. From the outset 
the armament had included a single 
GSh-301 high-power 30mm gun 
scabbed under the fuselage on the left 
side, with a 120-round magazine. 
Other air-defence weapons included 
various mixes of the Spetztekhnika 
(formerly Vympel) R-27ER or ET, 
the MMPP R-60T or R-60M, the 
Spetztekhnika R-73E and the R-77. In 
attack roles the certified weapons 
would be up to four missiles such 
as the Zvezda Kh-25MR, RE, MP 
or ML, Kh-31A or RE, Kh-35 or 
Raduga Kh-58E. Alternative loads 
could have included bombs up to 
500kg, rockets up to 240mm calibre or 
four UPK-23-250 gun pods. These 
would have been carried on four 
underwing pylons, the inners rated at 
2,000kg (2,205Ib) each and the outers 


at 500kg (1,102Ib), though in the pro- 
totypes the weapon load was limited to 
2,600kg (5,732Ib). A tail-warning 
receiver was mounted in a tube on the 
left of the braking parachute, and 
chaff/flare dispensers were to be 
installed in the dorsal spines. 

Yakovlev obtained funding for four 
prototypes, a bare airframe (48-0, with 
no Callsign) for static and fatigue test- 
ing, a more complete aircraft (48-1, 
Callsign 48) as a non-flying power- 
plant testbed, and two (48-2, Fuselage 
Callsign ‘75’, and 48-3, Callsign ‘77’) 
for flight test. While ‘48’ was un- 
painted, ‘75’ and ‘77’ were painted 
A-VMF grey overall, with a black 
radome and fin-cap antennas. 

Chief test pilot Sinitsyn made the 
first flight in the conventional mode 
from the long runway at Zhukovskii on 
9 March 1987, using ‘75’. On 29 
December 1989, using ‘77’, he made 
the first free hover, and in the same air- 
craft he made the first complete profile 
(VTO, high-speed flight and VL) on 
13 June 1990. From April 1991 various 
kinds of rolling take-off and run-on 
landings were tested, on both normal 
runways and also the ‘ski jump’ at 
the A-VMF jet-lift centre at Saki. The 
slats and flaps assisted combat 
manoeuvres, and roll authority was 
excellent up to an angle of attack of 25 


deg. 
In the same month Sinitsyn set 
twelve new world class records 


(Appendix 3). As the Yak-41M desig- 
nation was classified, the usual pro- 
cedure was followed of inventing a 
designation for submission to the 
FAI, and the choice fell on ‘Yak-141’. 
Thus, the previously unknown air- 
craft became known only by this ficti- 
tious designation. In 1992 Yakovlev 
repainted both the flight articles in 
olive/grey camouflage, with Russian 
tricolour insignia, and painted a white 
‘141 on both aircraft in place of the 
previous ‘75’ and ‘77’. 

On 26 September 1991 Sinitsyn 
made the first landing (vertical) on 
Admiral Gorshkov (ex-Thilist), with 
‘75°; an hour later Vladimir A Yakimoy, 
who succeeded Sinitsyn as chief test 
pilot, landed ‘77’ on the same deck. 
The two pilots made eight flights from 
the ship. On one of these, on 5 Octo- 
ber, Yakimov made such a heavy land- 
ing that a main undercarriage ruptured 
a tank and caused an immediate severe 
fire. After about ten seconds Yakimov 
ejected manually, and was rescued 





‘Yak-141’ at Mosaero ‘93, with R-73 missiles. (Yurii 


from the sea. Aircraft ‘77’ was later 
repaired and is preserved, painted as 
described above, in the OKB museum. 

In the same month, September 
1991, the CIS Navy announced termi- 
nation of funds for the Yak-41M pro- 
gramme. The Smolensk factory had 
seen this coming, and had not put the 
planned series tooling in place. After 
urgent discussion the OKB decided it 
had to find a foreign partner who could 
help to fund the programme, and to 
help to achieve this it made a major 
investment in bringing 48-2 (its ‘75’ 
replaced by ‘141’) to the SBAC display 
at Farnborough on 6-13 September 
1992. The OKB announced at the 
show that they had reached an agree- 
ment with such a partner on a con- 
tinuation programme, costed at 
US$385—400m, for three new flight 
articles and a static-test aircraft to 
introduce important improvements to 
both the aircraft and avionics. Modifi- 
cations in the proposed Yak-141M 
(this number becoming official) would 
have included an increase in STO 
weight to 21,500kg (47,3991b), while 
one of the prototypes would have been 
of the Yak-141U dual trainer. 

No longer flyable, 48—2 and —3 were 
both exhibited at the 1993 Moscow 
airshow. Yakovlev has released brief 
details of the improved Yak-43, des- 
cribed later, and is said to be work- 
ing on a completely new jet-lift 
V/STOL fighter for the more 
distant future. The ASCC name for 
the Yak-41M was ‘Freestyle’. 


Yak-42 
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Popov) 





Span 10.105m (33ft 1%in); span folded 5.9m 
(19ft 44in); length 18.36m (60ft 24in); wing area 
31.7sq m (341.6sq ft). 

Weight empty 11,650kg (25,683Ib); fuel 
(internal) 4,400kg (9,700Ib), (maximum) 
6,150kg (13,558lb); maximum loaded weight 
(VTO) 15,800kg (34,832Ib), (STO) 19,500kg 
(42,989Ib). 

Maximum speed (sea level) 1,250km/h 
(777mph, Mach 1.02), (11,000m) 1,850km/h 
(1,150mph, Mach 1.74); rate of climb on record 
flights 15,000m (49,213ft)/min; service ceiling, 
over 15,000m (49,213ft); range (2,000kg 
weapons, 120-m/394-ft take-off run, hi-lo-hi) 
1,420km (882 miles), (1,000kg weapons) 
2,100km (1,305 miles), (VTO, 1,000kg weapons, 
hi-lo-hi) 770km (478 miles); patrol duration at 
100-km radius, 90min. 





Yak-42 





In 1967 Yakovlev began work ona curi- 
ous civil transport powered by a single 
propeller-turbine in the nose. Features 
included a long-span unswept wing, 
apparently with anhedral, and a Yak-25 
type undercarriage. Records suggest 
the engine was an NK-12, but the 
surviving model, with registration 
P-1970, shows an aircraft much 
too small for that 15,000-hp engine — 
though on the nose is an eight-blade 
contra-rotating propeller. 
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Model of the first Yak-42 project, 1970. (Yefim Gordon Archive) 








Yak-42 
(second use) 








In 1972 the designation Yak-42 was 
transferred to a commercial jet trans- 
port in the 100/120-seat class, which 
was required to replace such impor- 
tant Aeroflot types as the Tu-134, 
An-24/26 and II-18, and various 
smaller aircraft on routes showing 
strong traffic growth, where airports 
had been provided with adequate run- 
ways. The resulting aircraft was the 
OKB’s largest, heaviest and most 
powerful to date, and also suffered the 
longest period of gestation. This long 
development was partly responsible 
for the fact that, twenty-five years from 
the start, the number built was 1,850 
short of the planned 2,000. 

From the outset Yu Zasypkin’s 
department conducted a detailed 
study of foreign aircraft in the same 
category, while an unprecedented 
amount of research was under- 
taken, both in the OKB and by CAHI, 
CIAM and other establishments, to 
support the programme. Under 
General Constructors O A Chliyants 
and I A Mozharov, a major manu- 
facturing plan was organized, with 
many parts made at Saratov for assem- 
bly at Smolensk, the opposite of the 
Yak-40 programme. Sergei A Yakovlev 
was appointed programme manager, 
but he was later replaced by S A 
Andreyev. 


The first project was a scaled-up 
Yak-40, with an unswept wing differ- 
ing mainly in having four-section lead- 
ing-edge flaps and two engines of 
D-30K type. It would have seated 114 
passengers in nineteen rows three plus 
three. 

It was soon considered that this 
design would not be competitive. 
Western engine manufacturers had 
produced turbofans of high bypass 
ratio, and at Zaporozhye Ivchenko’s 
successor, Vladimir Lotarev, designed 
a three-shaft engine with a bypass ratio 
of 5.4/5.6 specifically to meet the 
needs of a redesigned Yak-42. In late 
1972 Yakovlev decided to use three 
engines, as in the Yak-40 (and he was 
influenced by the Boeing 727 and 
Hawker Siddeley Trident), so Lotarev 
designed the new engine, the D-36, for 
a thrust of 6,500kg (14,330Ib). The 








full-scale mock-up was revealed to US 
aviation writers in June 1973. It was in 
all essentials a direct scale of the 
Yak-40 to seat 120 in twenty rows 
three plus three. 

Compared with the Yak-40 the 
Yak-42 was roughly four times as 
heavy, and it was accepted that it would 
need much longer runways. There was 
prolonged argument over wing sweep. 
A programme of upgrading GVF run- 
ways, and a predicted demand for 
higher cruising speeds, resulted in the 
unique decision to build the first pro- 
totype with a sweep angle of 11 deg 
and the second with an angle of 25 
deg (changed to 23 deg before first 
flight). 

Wing profile was again in the SR-9s 
family, with thickness/chord ratio of 
8.6/6.5 percent, but with no dihedral. 
Structurally the wing was made as a 





Model of Yak-42 twin-engined project. (Yefim Gordon Archive) 





centre section and two outer panels. 
The centre section had a span of 
13.05m (42ft 9%in), its two main spars 
and transverse beam passing unbroken 
through a cutout in the fuselage. The 
transverse beam carried the inboard 
flaps, which were rectangular and at 
90 deg to the fuselage, and the rear 
trunnion of the main undercarriage. 
Early aircraft had plain flaps preceded 
by a small fixed slat and with a droop- 
ing aft portion. The main series 
aircraft had a tracked slotted flap 
achieving a higher maximum lift 
coefficient. 

The outer panels carried one- 
piece flaps preceded by upper-surface 
spoilers, and ailerons which after 
much revision settled as inboard 
and outboard sections each driven 
by its own power unit, the inner 
sections having tabs. Prolonged modi- 
fication resulted in first two- and 
finally three-segment spoilers used as 
lift dumpers only. After testing lead- 
ing-edge slats initial aircraft had a 
plain ‘hard’ leading edge, but the final 
decision was in favour of full-span 
leading-edge slats in six sections from 
root to tip. 

The fuselage had a circular section 
with a diameter of 3.8m (149%in), 
pressurized to a maximum differential 
of 0.5kg/sq cm (7.1Ib/sq in). Like the 
Yak-40 the structure was a simple 
ring/stringer semi-monocoque, which 
like the rest of the aircraft was 
designed for 30,000 one-hour flights. 
Unlike the Yak-40 the passenger cabin 
extended behind the wing, though the 
rear fuselage was very similar. The aft 
pressure bulkhead incorporated the 
main cabin door, leading to the pow- 





Model of Yak-42T project. (Yefim Gordon Archive) 


ered airstairs which hinged down 
under the tail. 

The side engines were hung quite 
high on the fuselage, with short fan 
ducts and no reversers. The No. 2 
(centre) engine was fed by an S-duct 
from a sloping inlet above the fuselage, 
again with no reverser. Behind the 
centre-engine inlet a fairing extended 
aft over the TA-12 APU (auxiliary 
power unit), used to provide com- 
pressed air to start the main engines 
and for ground cabin conditioning. 
The fairing continued into the two- 
spar fin, which like all aerodynamic 
parts was subjected to continued 
modification. Four inset hinges carried 
the one-piece rudder, with a trim tab 
and servo tab, which was initially 
manual and eventually fully powered. 
At the top of the fin the fully powered 
tailplane, with a span of 10.8m 
(35ft 5in), was pivoted over the range 





Model of Yak-42 project, 1973. (Yefim Gordon Archive) 
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+4 deg/—8 deg, finally changed to +1 
deg/—12 deg, carrying interlinked 
camber-increasing elevators with trim 
tabs. Prototypes had a prominent 
bullet projecting ahead of the fin/ 
tailplane junction; this fairing was later 
removed and the final standard has a 
fin leading edge with no sweep at the 
top. 

Even the undercarriage units 
were the subject of revision. All three 
units were designed with single 
nitrogen oleo struts with twin wheels. 
The main units had wheels with 
multi-disc brakes with anti-skid 
control and 1300 by 480mm tyres, 
retracting straight inwards, the leg 
being faired by a two-part door but 
the wheels being exposed as in the 
Yak-40. The nose unit had a steer- 
able levered-suspension arm carrying 
unbraked wheels with 930 by 305mm 
tyres, retracting forwards into a bay 
with three doors, the parking brake 
being applied during retraction. 
Series aircraft had the mainwheels 
replaced by a _ bogie with four 
wheels similar to those of the nose 
gear. 

The cabin had an interior diameter 
over the trim of 3.6m (11ft 9%in), 
height along the central aisle of 2.03m 
(6ft 8in) and usable length behind the 
flight deck of 19.89m (65ft 3in). The 
standard fuselage had twenty windows 
on each side, four being in emergency 
escape doors. There was a 1.50 by 
0.83m (59 x 32.7in) door on the left at 
the front with an airstairs, and a service 
door opposite. Allowing for galley and 
toilets, early aircraft were equipped for 
100 seats. There was room under the 
floor for cargo and baggage holds, 
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2.448m (96.4in) wide and 1.145m 
(45in) high, ahead of and behind the 
wing with doors on the right side and, 
in series aircraft, a chain conveyor for 
standard containers, six in the forward 
hold and two in the rear. 

The cockpit was designed for two- 
crew operation down to limits of ICAO 
Cat II initially; expected clearance to 
lower minima had not been achieved 
by late 1995. The objective was to 
land in bad weather on an unpaved 
runway measuring 30 by 400m (98 
by 1,312ft). Standard equipment in- 
cluded the SAU-42 autopilot, Groza- 
42 weather radar, the O/’kha-1 (Alder) 
navigation kompleks, Veyer-M (Fan) 
blind navigation aid, VSP-1-6 auto- 
hold of speed and altitude and Kurs- 
MP-70 (Course) navigation and blind 
landing system. 

All fuel tankage was integral, in the 
main wing torque box. In prototypes 
and early series aircraft capacity was 
15,795 litres (3,474.4gal). From 1981 
this was increased to 23,175 litres 
(5,098gal). A pressure-fuelling socket 
was provided near the leading-edge 
root of each wing. Each engine drove a 
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hydraulic pump energizing a separate 
system, the flying controls having 
power-unit chambers in all three sys- 
tems with the objective of surviving 
two system failures. Hydraulically 
powered services included the flying 
controls, flaps, spoilers, undercarriage, 
wheelbrakes, nosewheel steering, both 
airstairs and, in the prototypes, a pow- 
ered crew door for emergency escape. 
Airframe and inlet de-icing was by 
bleed air, with raw AC for the wind- 
screens and pitots. 

The first prototype, built in the 
Yakovlev prototype factory (previously 
called Factory No. 115), was painted 
in Yakovlev red/white livery and reg- 
istered SSSR-1974. It was first flown 
on 7 March 1975, the crew being the 
OKB-nominated pilots, A S Kolosov 
and Yu V Petroy, with flight engineer 
Yu B Viskovskii. This aircraft had the 
11 deg wing, a short fuselage with 
seventeen cabin windows each side, 
with all four emergency exits near the 
back, a carry-on baggage space at the 
back of the cabin, a fixed leading edge, 
tail bullet fairing, twin-wheel main 
undercarriage and several systems 


(such as tail de-icing) inoperative. The 
ASCC decided to call the Yak-42 
‘Clobber’. 





Span 35.0m (114ft 10in); length 35.0m (114ft 
10in); wing area 150sq m (1,615sq ft). 

Weight empty 28,040kg (61,817Ib); fuel 
12,650kg — (27,888Ib); payload ~—10,500kg 
(23,148Ib); maximum loaded weight 50,000kg 
(110,2291b). 

Cruising speed 775km/h (482mph); range 
with maximum payload 1,000km (621 miles); 
balanced field length 1,500m (4,920ft). 


Second prototype This aircraft, 
SSSR-1975, introduced the longer 
cabin and had a wing swept at 25 deg. 
The wing still had a fixed leading edge, 
but the flaps were of the area-increas- 
ing type, running out on short tracks 
faired underneath. The cabin emer- 
gency exits were positioned farther 
forward, retaining the original position 
relative to the wing root. 





Span 34.2m (112ft 2%in); length 36.38m 
(119ft 44in); wing area 150sq m (1,615sq ft) as 
before. 

Weight empty 28,960kg (63,8451b); payload 
14,500kg (31,966lb); maximum loaded weight 
52,000kg (114,638Ib). 








Yak-42 series aircrafi. (OKB) 

































Maximum cruising speed 820km/h 
(509.5mph); maximum cruising height 9,600m 
(31,500ft); range (maximum payload) 700km 
(435 miles), (120 passengers) 1,000km (621 
miles). 


First series The third prototype, 
No. 1976, was later re-registered as a 
series aircraft, No. 42303. It had the 23 
deg wing, full de-icing, fairing discs 
over the outer mainwheels and other 
minor improvements, but retained 
the tailplane bullet. No. 42304 was 
regarded as the first true series aircraft, 
but modifications continued with each 
successive series. One of the visible 
changes was the removal of the bullet 
fairing, and later the adoption of the 
zero-sweep fin top to increase chord 
ahead of the tailplane. Another was 
redesign of the wingtip to have a 
curved (Kiichemann) form, which 
slightly increased span. Weights 





Yak-42 series aircraft SSSR-42544. (RART) 


S 


Yak-42 first prototype. (R J Ruffle collection via RART) 


increased substantially, partly because 
of the increased fuel capacity, and early 
in production the bogie main under- 
carriage, made by Hydromash, was 
made standard. 

In 1977 Flight International pub- 
lished an assessment which sug- 
gested that, compared with Western 
counterparts, the Yak-42 appeared to 
be grossly over-winged and over- 
powered, in order to reduce field 
length. The journal predicted that it 
would enter scheduled service ‘by the 
beginning of next year at the latest’, 
but in fact the first passenger flight, on 
the Moscow—Krasnodar route, did not 
take place until 22 December 1980. 
Full production had then only just 
started, ten aircraft having flown by 
mid-1981, a year in which OKB pilot 
Mukhin set various class records 
(Appendix 3). 
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Initial Aeroflot aircraft were fur- 
nished for 120 passengers seated three 
plus three, but this was soon changed 
to a forward Ist-class section with two 
rows two plus two and a ninety-six- 
seat main cabin, a total of 104. In 1982 
an aircraft-caused accident resulted in 
a prolonged withdrawal from service, a 
cautious resumption between Sara- 
tov (a Yak-42 factory airport) and 
Leningrad and Moscow Bykovo not 
being permitted until October 1984. 
The first export order, for seven air- 
craft, was announced in 1982 by Avio- 
genex (Yugoslavia) in 1982, but this 
contract lapsed. 


Span 34.88m (114ft 54in); wing area virtually 
unchanged. 

Weight empty 32,500kg (71,6491b); maximum 
fuel 18,500kg (40,785lb); maximum payload 
14,000kg (30,8651b); maximum loaded weight 
54,000kg (119,0481b). 
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Yak-42D with Chinese registration B-2755 and smart blue and red livery. (OKB) 


Maximum cruising speed ~—810km/h 
(503mph); normal cruising speed 750km/h 
(466mph); maximum cruise altitude 9,100m 
(29,855ft); range (payload 14,000kg) 450km (280 
miles), (payload 10,500kg) 1,530km (951 miles); 
approach speed 210km/h (130.5mph); balanced 
field length 1,800m (5,905ft). 


Yak-42T This designation was first 
used in 1975 for a projected STOL 
cargo version, distinguished by an 
unswept wing, full-section rear ramp 
door and twin-fin tail, the centre 
engine being in a short nacelle above 
the rear fuselage. This was the first 
version planned to have a bogie main 
undercarriage, which would have 
retracted backwards into Tupoley- 
style nacelles. Later drawings showed 
the main units retracting inwards, and 
the designation changed to Yak-44, 
which was later used for a different air- 
craft. 


Yak-42M Projected stretched ver- 
sion for service from 1987. D-436 
engines, increased fuel capacity, 4.5-m 
(14ft 9in) fuselage plug to increase pas- 
senger capacity to 156-168, maximum 
takeoff weight 66,000kg (145,505Ib). 
By 1991 this had been repeatedly 
altered until there was little left of the 
original except the 3.8-m diameter of 
the fuselage. Eventually the three tail 
engines were replaced by two under- 
wing PS-90 turbofans, and this project 
was redesignated Yak-242 (described 
later). 


Yak-42ML Version produced from 
1981 for use on international services. 
It differs in details of equipment and 
furnishing, for example, in languages 
of notices to passengers and servicing 


engineers. Entered service July 1981 
on Leningrad—Helsinki route. 


Yak-42D Longer-range version with 
centre-section tanks adding 3,100 
litres (682gal). Also described as hav- 
ing better service characteristics. This 
became the standard version,’ which 
from 1991 was assembled at Saratov, 
under Director A V Yermishin, sup- 
ported by Smolensk under Director 
L A Serykh, both plants being linked 
with the OKB in the Skorost 
Corporation. By 1 January 1995 a total 
of 185 of all series aircraft had been 
built, of which 105 were Yak-42D. 
Included in this total are four for Cuba 
and eight (six 42D) for China. 





Dimensions unchanged. 

Weight empty 34,650kg (76,3891b); fuel 
21,000kg —(46,2961b); maximum payload 
12,800kg (28,2191b); maximum loaded weight 
57,000kg (125,6611b). 

Range with maximum payload 1,480km (920 
miles); range with 10,500kg payload 2,150km 
(1,336 miles); balanced field length 2,000m 
(6,562ft) based on tyre friction coefficient 0.3 
instead of 0.4. 


Yak-42R The first of three special 
aircraft converted in 1986-90, this 
flight-tested the radar of the Yak-141. 


Yak-42F The second special conver- 
sion (No. 42644) was equipped for 
earth-resource and geophysical survey. 
High-definition electro-optical sen- 
sors were carried in large cylindrical 
pods under each wing just outboard of 
the undercarriage, the front portion 
rotating to bring the terrain below 
into the field of view. Chief of project 
was VI Kozulin, chief engineers B P 


Markov and A V Bogdanoy, and test 
pilots A A Sinitsyn, O A Bulygin and 
M B Molchanyuk. 


Yak-42LL Series aircraft RA-42525 
was modified for flight-testing the 
D-236 geared propfan rated at 
8,090k W (10,850shp) derived from the 
D-36. The test engine was mounted in 
place of the No. 3 (right-hand) D-36. 
A new pylon was needed, long enough 
for the 4.2-m (13ft 94in) SV-36 tractor 
contra-rotating propellers, the front 
unit having eight blades and the rear 
six. Chief of project was A N Don- 
dukoy, chief engineer V I Yarochkin, 
test pilots Bulygin and Yu I Mitikov. 
First flown 15 March 1991, exhibited 
at Paris three months later as the 
Yak-42E-LL. 


Yak-42A Version with AlliedSignal 
avionics; developed into Yak-142 (see 
next). 


Yak-42B Projected version with 
Bendix/King avionics. 


Yak-42-100 Yak-42D with Allied- 


Signal avionics, one test aircraft only. 








Yak-142 





In December 1992 Yak Aircraft 
Corporation completed a prototype, 
originally Yak-42 No. 42423, desig- 
nated Yak-42A. A year later it was 
redesignated’ Yak-142. Programme 
managers are SA Andreyev and 


A G Rakhimbayev. The Yak-142 incor- 
porates a wide range of improvements 
over the preceding Yak-42D. Airframe 
changes include _ flight-deployable 
spoilers used symmetrically for faster 
letdown, an increased range of flap 
settings for improved takeoff and go- 
around climb, especially in hot and 


high conditions, and a side passenger- 


door enlarged to 1.7 by 0.85m (67 
by 33.5in) for compatibility with air- 
bridges. 

The two-crew cockpit is totally 
upgraded with AlliedSignal avionics, 
including KNS-660 flight data, 
KAD-480 air-data system, RDR-4A 
radar, EFIS-10 flight instrument dis- 
play, KAH-460  attitude/heading, 
KHF-950 HE RTA-44A VHF 
RIA-35A ILS, RVA-36A VOR, 
DMA-37A DME, DFA-75A ADF, 
ALA-52A radar altimeter, TRA-67A 
transponder and TPA-81A TCAS-II. 
The autopilot is the Russian 
SAU-4201 with autothrottle, and 
the dual environmental systems are 
calibrated in metric and imperial 
measures. 

Further improvements have been 
made to furnishings, soundproofing 
and passenger facilities, and to speed- 
ing turn-around and maintenance. 
Standard seating is for 120, or 104 two- 
class or eighty three-class. Low-rate 
production continues at Saratov. 

Altogether the Yak-42 failed to 
realize the high hopes entertained for 
it. Its gestation was inordinately long, 
its incessant modification damaged 
the programme’s profitability, and it 
never came near to achieving the 
sustained high-rate manufacture that 
had been planned. On the other hand 
it served as the starting point for two 
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Yak-242 model. (RART) 


derived aircraft, the Yak-242 and next- 
generation Yak-46, which may yet 
be built in greater numbers than the 
Yak-42. 


Engines and dimensions unchanged. 

Weight empty 34,820kg (76,764Ib); payload 
(maximum) 13,000kg (28,660Ib), (normal) 
10,500kg (23,148lb); maximum loaded weight 
57,000kg (125,6611b). 

Maximum cruising speed 740km/h 
(460mph); maximum cruising height 9,600m 
(31,500ft); range (maximum payload) 1,460km 
(907 miles), (normal payload) 2,180km (1,355 
miles), (full tanks, 3,800-kg/8,377-Ib payload) 
4,100km (2,550 miles); balanced field length 
2,200m (7,220ft). 





Yak-242 





Whereas the Yak-42 failed to replace 
all the existing aircraft in its class, this 
derived aircraft is foreseen as possibly 
being able to do so. Though Aeroflot 
merely expressed a need for 200, it 
hinted that more than 2,000 would be 
needed in order to replace all the 
Tu-134, Tu-154, An-24/26, I-18 and 
Yak-42 aircraft. Unfortunately for 
Yakovlev, the Yak-242 faces competi- 
tion not only from Tupoley, Il’yushin 
and Ukraine-based Antonoy but also 
from a flood of imported Western air- 
craft. 

Though originally designated 
Yak-42M, the Yak-242 was repeat- 
edly modified until it has become a 
completely new aircraft, with even 
the fuselage diameter altered. As the 
Yak-42M it introduced a more mod- 
ern wing, and for a while had three 
D-436 engines arranged in Lockheed 
TriStar fashion with one on top of 
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the rear fuselage and two under the 
wings. Under Project Directors V G 
Dmitriyev and A D Ryazanov, the 
design was further refined over a five- 
year period until a full-scale mock- 
up was ready in April 1993. This was 
inspected and approved by a civil 
transport commission, and construc- 
tion of two prototypes was authorized. 

The wing has a new supercriti- 
cal profile developed with CAHI. 
Though structurally derived from the 
Yak-42 wing, with 4-chord sweepback 
of 25 deg, it has greater span and 
less area. Movables comprise leading- 
edge slats interrupted by the engine 
struts, double-slotted trailing-edge 
flaps, small outboard ailerons, and 
five sections of spoiler/airbrake/lift 
dumpers. The fuselage is increased in 
diameter to 4m (157.5in) and stretched 
to accommodate 180 passengers at 
750mm pitch, or 156 at 810mm, or 
138 two-class or 132 three-class. There 
is no rear ventral stairway, but there 
are doors on the left at front and 
rear with service doors opposite, and 
four emergency exits above the wing. 
The underfloor cargo/baggage holds, 
longer than those of the Yak-42 but 
with similar cross-section, have large 
doors on the right and powered bin 
loading. 

The engines are Perm-based 
Aviadvigatel PS-90A12. turbofans, a 
simplified PS-90 version without 
a core booster, rated at 12,000kg 
(26,455lb) thrust. They are hung 
under the rib at the end of the centre 
section in short nacelles with full- 
length noise-absorbing fan ducts 
incorporating a translating cowl and 
cascade-type reverser. A total of 
27,500 litres (6,049gal) of fuel is 
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Yak-242, (OKB) 











housed in eight integral tanks in the 
wing box. 

Other features include a_ tail- 
mounted APU of a new type, bogie 
main undercarriage and twin steer- 
able nosewheels, an airframe made 
of advanced alloys and composites 
designed to avoid any fatigue problems 


in the first 60,000 hours, and systems 
designed for ambient temperatures 
from +40 deg to —50 deg C. The digi- 
tal avionics are to be certificated to 
ICAO Cat IIIa, and include fly-by- 
wire flight controls managed by the 
TsPNK-42M  flight-trajectory and 
navigation system, a new weather 


radar and five 8-in by 8-in Bendix- 
King cockpit displays. 

Fuel burn per passenger-kilometre 
is calculated to be 18.0-19.0 g, using 
either traditional T-1 or TS-1 or lig- 
uefied natural gas. In early 1996 the 
prototypes were well advanced (first 
flight had originally been planned for 





























Yak-43, artist's impression of proposed design. (Piotr Butowski) 








January 1995) and the Skorost part- 
nership hoped to build an‘initial series 
of twenty-two, with assembly at Sara- 
tov, from 1997 to 2001. According to 
Dmitriyey, International Aero Engines 
are eager to supply V2500 engines for 
one of the first aircraft. In early 1996 
the Yak-242 remained the biggest sin- 
gle project in the Russian Aviation 
Ministry. 


Span 36.25m (118ft 11in); length 38.25m 
(125ft 5%in); wing area 120sq m (1,292sq ft). 

Weight empty, equipped 38,400kg (84,6561b); 
maximum fuel 22,000kg (48,5001b); maximum 
payload 18,000kg (39,6831lb); maximum loaded 
weight 64,600kg (142,416lb). 

Cruising speed 800-850km/h 
(497-528mph); cruising altitude 
11,100-11,600m (36,400-38,000ft); range with 
CAR reserves (maximum payload) 1 ,600km (994 
miles); (payload 14,820kg/162 passengers) 
2,700km (1,678 miles), (maximum fuel, 9,600kg 
payload) 5,000km (3,107 miles); runway length 
(30 degC, 730mm) 2,200m (7,220ft). 








Yak-43 





The Yak-43 was to have been the next- 
generation multi-role V/STOL fighter 
to follow the Yak-41M. The drawings 


Yak-44E full-scale mock-up. (OKB) 


date from 1983-84, and show an air- 
craft strikingly similar to the Lockheed 
Martin F-22, which was designed 
(without any vertical-lift requirement) 
to a slightly later time-scale. The main 
engine would have been based on 
the Samara NK-321 three-shaft aug- 
mented turbofan which, with a take- 
off rating of 24,980kg (55,077Ib), 
powers the Tupolev Tu-160. A large 
air bleed would have been piped to 
an auxiliary combustion chamber in 
the nose, though the separate lift jets 
would have been retained. 

Compared with the Yak-41M the 
Yak-43 would have had much greater 
internal capacity for both fuel and 
weapons (in most missions none would 
have been carried externally), im- 
proved agility because of the bigger 
wing, increased mission radius and 
very much reduced radar signature. 
Yakovlev has never stopped working 
on this and successor projects but, 
ironically, the only people likely to 
benefit are Lockheed Martin, which in 
June 1995 revealed that it was being 
assisted by a teaming agreement 
with Yakovlev on its proposal for the 
V/STOL version of JSF (Joint Strike 
Fighter) for the US forces and Royal 
Navy. 
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Yak-44 





In 1980 the construction of four large 
multi-role aircraft carriers for the 
VMF made it sensible to consider a 
supporting aircraft whose _ basic 
design could fly COD (carrier on- 
board delivery) transport and, even 
more important, AWACS (airborne 
warning and control system) missions 
and co-operate in theatre management 
with friendly aircraft, surface ships 
and ground forces. 

Yakovlev concentrated on the 
Yak-44E version, described as a 
‘radio electronic support aircraft .. . 
for observation, target indication and 
homing’. Project managers were A A 
Levinski, A N Dondukov and V A 
Mitikin. The configuration and size 
closely followed that of the Northrop 
Grumman E-2C, but with far greater 
fuel capacity resulting in almost 
double the weight, and with engines 
of 2% times the power. NPO Vega were 
given the contract for the powerful 
pulse-doppler radar, with a large cool- 
ing radiator served by a ram inlet ahead 
of the wing, and the main 7.3-m 











Yak-44E. 














(23ft 1lin) antenna forming a diame- 
tral beam across a rotodome mounted 
on a retractable pylon above the rear 
fuselage. 

The engines were to be twin 
Zaporozhye-designed D-227  prop- 
fans, driving 4.5m (177in) 8+6-blade 
contra-rotating propellers, rated at 
13,000shp/14,000kg (30,865Ib) thrust. 
Other features included unswept 
wings of high aspect ratio equipped 
with winglets and high-lift slats and 
flaps and folding upwards about 
skewed hinges, a pressurized fuselage 
for the crew of five, with the main door 
behind the wing, twin-wheel tricycle 
landing gear with track of 7.929m 
(26ft) and wheelbase of 9.373m (30ft 
9in), and a twin-fin tail with four ele- 
vators and double-hinged rudders to 
keep overall height with the rotodome 
retracted to only 5.7m (18ft 8%in). The 
airframe would be fully ice-protected, 
with pneumatic boots on the wings 
and tail, and stressed for catapult 
launching and arrested landings. 

A detailed full-scale mock-up was 
completed in 1991, and with minor 
changes approved by the A-VMF, but 
the collapse of the Soviet Union and 
termination of defence contracts made 
it difficult to proceed. Yak Aircraft 
Corporation has not entirely given up 
hope of continuing this programme, 
but with the original customer no 
longer having a requirement the 
prospects are bleak. 


Span 25.7m (84ft 3%in); length 20.39m (66ft 
10%in). 

Weight loaded 40,000-kg (88,183-Ib). 

Maximum speed 740km/h (460mph); maxi- 
mum operating height 13,000m (42,650ft); ferry 
range 4,000km (2,486 miles); runway length for 
free takeoff 1,300m (4,265ft). 





Yak-45 





This was the OKB number for a series 
of studies in 1973—74 for an extremely 
agile, single-seat fighter equipped with 
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radar and missiles. It would have been 
powered by two Favorski Type 69 non- 
vectoring augmented turbofans, each 
derived from the R-28 and rated 
at 8,000kg (17,635lb) thrust, hung 
ahead of a broad delta wing, with 
a large canard foreplane. It lost to 
the Mikoyan MiG-29. In 1978-79 
Yakovlev developed a V/STOL ver- 
sion with rectangular vectored noz- 
zles and with two RD-38 jets in the 
fuselage. One insoluble problem with 
this version was how to survive fail- 
ure of any engine in the hovering 
mode. 





Yak-46 





Seeking the next generation after the 
Yak-242, the OKB had by 1990 devel- 
oped this as-yet-unbuilt aircraft into a 
re-engined jetliner called Yak-46-1. 
This features two Samara turbofans in 
the 11,000-kg/24,250-Ib thrust class 
hung under the wing. Typical passen- 
ger capacity would be 150, the maxi- 
mum being 178. Predicted fuel 
economy would be 15-16 g/passen- 
ger-km, mainly because the engine 
bypass ratio would be about 14. There 
is underwing clearance for engines 
with a bypass ratio of 25, which would 
reduce fuel burn per passenger-kilo- 
metre to about 14.8 g. This project was 
‘adopted by the Russian Minister of 
Transport’ on 22 May 1992, but the 
immediate development effort is on 
the Yak-242. 











Yak-46. (OKB) 




















Model of business jet. (Yefim Gordon Archive) 





Span 36.25m (118ft 11%in); length 38.8m 
(127ft 3% in). 

Weight empty, equipped 34,840kg (76,808Ib); 
maximum payload 17,500kg (38,580Ib); maxi- 
mum loaded weight 60,200kg (132,7151b). 

Cruising speed 830-850km/h (515-528mph); 
cruising height 11,100m (36,400ft); range (max- 
imum payload) 2,200km (1,367 miles); balanced 
runway length 2,100m (6,890ft). 


Yak-46-2 Announced in 1992, this 
is an alternative Yak-242 derivative 
powered by two Zaporozhye Progress 
D-27 or D-227 unducted prop- 
fans. These would be rated at about 
14,000hp, or 11,200kg (24,690Ib) 
thrust, installed as pusher engines on 
the rear fuselage driving Stupino 
SV-27 contra-rotating propellers of 
3.8m (149.6in) diameter. These would 
be far behind the cabin, close to the 
large T-type tail with four-part eleva- 
tors and upper and lower double- 
hinged rudders. This engine location 
requires the slightly shorter-span 
wing to be mounted further back. 
The large-diameter unducted prop- 
fans would confer the even better 
fuel economy of 13—14g/passenger- 
km (Dmitriyev even predicted a figure 
of 12). The rival An-180, under devel- 
opment in Ukraine, would use the 
same engines in a tractor installation, 
which is theoretically slightly less 
efficient. Yak Aircraft Corporation 
had hoped to to fly a Yak-46—2 in 2000, 
but this is now unrealistic. 











Span 35.5m (116ft 5%in); length 41m (134ft 
6in). 

Weight empty, equipped 37,300kg (82,2301); 
maximum payload 17,500kg as before; maxi- 
mum loaded weight 61,300kg (135,1401b). 

Cruising speed 830km/h (515mph); cruising 
height 11,100m as before; range (maximum pay- 
load) 1,800km (1,118 miles); balanced field 
length 2,100m as before. 








Small propeller- 
turbine 
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Not even the designation is known of 
a small transport project of the 1970s. 
The desk model suggests it had 
engines in the 500-hp class, and 
though it had a circular-section fuse- 
lage, suggesting it was pressurized, the 
very large cockpit windows were con- 
tinued along the cabin on each side. 





Small jet 








Another project of the same period 
was a business jet, with an unswept 
wing and two slim turbojet engines 
(possibly RU-19s of 900-kg/1,984-Ib 
thrust). This may well have grown into 
the aircraft described next. 








Yak-48 








In 1989 the OKB launched the design 
of a large long-range business jet able 
to fly such sectors as New York to Paris 
with up to eight passengers, or as a 
local-service aircraft able to seat up to 
nineteen passengers. It was to weigh 
15,175kg (33,455lb) and be powered by 
two rear-mounted Pratt & Whitney 
Canada PW305 tubofans. V A Mitikin 
was appointed project manager, and 
design went ahead rapidly. 

Israel Aircraft Industries had a sim- 
ilar project in the Galaxy, derived from 





Model of small twin-propeller-turbine type. (Yefim Gordon Archive) 
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Yak-48. (OKB) 











Yak-48 model. (OKB) 


the existing Astra SP. In 1993 Yakovlev 
Aircraft Corporation joined with IAI 
as a risk-sharing partner. By studying 
drawings it is evident that IAI took 
over Yakovlev’s basic design, the only 
external change being to adopt rectan- 
gular cabin windows. Other partners 
include Pratt & Whitney Canada, who 
will supply PW306A engines rated 
at 2,586kg (5,700Ib), and Rockwell 
Collins, who are supplying avionics. 

First flight of the prototype, called 
IAI Astra Galaxy, was set for early 
1996, with certification due a year later. 
Wing sweep is 34 deg inboard and 25 
deg over the slender outer panels, with 
movables comprising slats, inboard 
Kriiger flaps, trailing-edge Fowler 
flaps, ailerons and spoiler/dumpers. 
The slats and flaps are electrically 
powered, the undercarriage and flying 
controls being hydraulic. Integral 
wing tanks house 7,882 _ litres 
(1,732gal) of fuel. IAI will handle 
assembly, flight test and certification. 
This Israeli aircraft is included here 
only to make the book complete. 





Span 17.42m (57ft 2in); length 19.3m (63ft 
4in); wing area 30.2sq m (325sq ft). 

Weight empty, equipped 8,060kg (17,7691b); 
maximum fuel 6,327kg (13,948Ib); payload 
1,905kg (4,200lb); maximum loaded weight 
15,172kg (33,448Ib). 

Maximum cruising speed = 880km/h 
(547mph); M,,., 0.85; maximum operating alti- 
tude 13,715m (45,000ft); range (four passengers, 
NBAA reserves) 6,852km (4,258 miles). 








VVP-6 





Development of jet-lift V/STOL air- 
craft made it desirable also to develop 
supporting vehicles able to supply the 
dispersed and frequently moved oper- 
ating bases with food, fuel and muni- 
tions, and also to provide defence. 
Yakovlev produced this remarkable 
project for a complete flying SAM 
(surface-to-air missile) system. 

The huge box-like fuselage, some 
49m (160ft) long, carried six V-750 
(11D) or V-755 (20D) [ASCC name 
‘Guideline’] missiles ready to fire on 
their launchers, plus reloads and the 
supporting radars and auxiliary power 
supplies. It was lifted by six six-blade 
rotors, each driven by four turbo- 
shaft engines. The requirement evap- 
orated with failure to put land-based 
V/STOLs into service. 





Yak-50 





On 30 June 1975 a Novosti Press 
Agency bulletin announced that a new 
sporting aircraft, the Yak-50, had been 
tested at Arsenyey, in eastern Siberia. 
It was expected to compete in the 1976 
World Aerobatic Championships, to 
be held in Kiev. What was not 


announced was that the Yak-50 had 


Model of VVP-6 airmobile missile base. (Yefim Gordon Archive) 
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been on test since 1972. It repeated the 
designation of a jet fighter of 1949. 

It was essentially a redesigned 
Yak-18PS, with a modernized struc- 
ture. Materials were basically D1 
and AK-6 aluminium alloys, with 
30KhGSA steel at highly stressed 
junctions. The design load factors 
were +9/-6, 

The wings were virtually those of 
the Yak-20, but strengthened. Aerofoil 
profile was again Clark YH, with 
thickness/chord ratio of 14.5 per cent 
at the root — where the left and right 
wings were joined to the fuselage, dis- 
pensing with a centre section — taper- 
ing to 9 percent at the square tips. 
Dihedral and incidence were both 2 
deg. The main spar ran straight from 
tip to tip, with auxiliary spars near the 
leading edge and at 67 percent chord. 
The rear spar carried brackets below 
the wing for the fabric-covered slotted 
ailerons, with ground-adjustable tabs, 
operated by rods and cranks. There 
were no flaps. 

Unlike the Yak-18PS, the fuselage 
was a stressed-skin semi-monocoque, 
and the fin and tailplane were likewise 
all-metal, but the cable-operated rud- 
der and elevators were fabric-covered. 
The rudder had a ground-adjustable 
tab, and a pilot-controlled trim tab was 
fitted to the left elevator. The engine 
installation was little changed from the 
Yak-18PS, the 355hp M-14P driving a 
2.4m (94.5in) V-530TA-D35 constant- 
speed propeller with two ‘paddle’ 
blades and being enclosed in a tight 
cowling made in upper and lower 
halves with twenty-eight pilot-con- 
trolled radial cooling shutters at the 
front. Fuel was housed in a 55-litre 
(12-gallon) tank in the forward fuse- 
lage, and oil in a 20-litre (4.4-gallon) 
tank between the engine and the slop- 
ing firewall. Under the cowling was the 
duct for the oil cooler, with the carbu- 
rettor inlet in its upper part. 

The prototype had fixed spatted 
mainwheels and a large spinner. The 
second prototype had no spinner, and 
the main undercarriage units were of 
Yak-18PS type, with braked K1-41 
wheels with 500 by 150mm _ tyres 
retracted pneumatically to the rear to 
leave half the wheel exposed. The fixed 
oleo-sprung castoring tailwheel had a 
tyre 200 by 80mm. Both prototypes 
had the cockpit above the trailing edge, 
the first having a teardrop canopy and 
the second a Yak-18PS type canopy 
with a fixed rear portion. The pitot 
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Yak-50 (tab is actually in the lefi elevator). 














tube was on the left leading edge. 
Behind the seat was the 27-V battery 
charged by an engine-driven GSR- 
3000M generator, together with the 
main and emergency air bottles pres- 
surized to 51kg/sq cm (725lb/sq in) 
by the AK-50T compressor. 

Chief engineer was G A Markov, 
and, though the 1975 press release 
mentioned only Anatoli Sergeyev as 
test pilot, the test pilots appointed to 
the programme were O A Bulygin for 
the factory and V I Loichikov for the 


LU. The Yak-50 was subjected to 
prolonged modification, one unbuilt 
study having a much longer fuselage. 
Even the fuselage length finally agreed 
was considered by some pilots to pro- 
vide excessive directional stability. 
Series aircraft had a Zyablik VHF 
radio and ARK-15M radio compass 
with a whip antenna ahead of the fin. 

In 1973-86 the Arsenyev plant built 
312 Yak-50 aircraft. At the 1976 cham- 
pionships the Soviet team, equipped 
only with these aircraft, swept the 


board. In the men’s event V Letsko 
and I Egorov finished Ist and 2nd, and 
the Soviet women’s team took the first 
five places, headed by L Leonova. 
In 1976-83 the Soviet team used the 
Yak-50 all six times, taking Ist place on 
five occasions. East Germany bought 
ten Yak-50s, Bulgaria seven, and sey- 
eral went to private customers. From 
1982 many had a Hoffmann three- 
blade propeller. 





Span 9.5m (31ft 2in); length 7.676m (25ft 
2'in); wing area 15.0sq m (161.45sq ft). 

Weight empty 780kg (1,720Ib); fuel 40kg 
(881b); oil 14kg (311b); maximum loaded weight 
915kg (2,017Ib). 

Maximum speed 320km/h (199mph); dive 
limit 400km/h (248mph); initial rate of climb 
960m (3,150ft)/min; service ceiling 5,500m 
(18,045ft); range 390km (242 miles); takeoff run 
200m (656ft); landing speed 110km/h (68mph), 
landing run 250m (820ft). “ 








Yak-52 








Originally designated Yak-50U, this 
dual-control trainer was basically a 
two-seat version of the Yak-50. There 
were, however, various differences. 
The wing was reduced in span, the 
ailerons were extended inboard, and 
between the inner end of the aileron 
and the root the rib pitch was reduced, 
increasing the number of ribs from five 
to seven, and split flaps were fitted, 





The second prototype Yak-50. (Tass via RART) 


with a maximum angle of 45 deg. The 
flying controls had spring centring. 
The undercarriage was redesigned to 
resemble that of the Yak-18A, with the 
main units pivoting forwards and the 
nose gear with a 44-1 wheel and 400 
by 150mm tyre pivotirig to the rear. 
Operation of the undercarriage was for 
training only, all three units remaining 
exposed to the slipstream, preventing 
damage in wheels-up landings. Under- 
carriage and flap operation was pneu- 
matic. Like most Yakovlev light 
aircraft, skis could be fitted in winter, 
and were supplied with series aircraft 
to customer order. 

The instructor occupied the origi- 
nal cockpit and the pupil sat over the 
leading edge, both canopies sliding to 
the rear. Fuel was housed in two 65- 
litre (14.3gal) tanks occupying the 
wing ahead of the main spar between 
the undercarriage and root, feeding via 
a 5.5-litre inverted-flight tank in the 
fuselage. The oil cooler was of a broad 
rectangular type in a duct under the 
starboard wing root behind the main 
spar. The battery was moved to the 
port wing, opposite the oil cooler, and 
in series aircraft was initially a British 
Varley 25-V product, later replaced by 
a 12-V ASAM. Baklan-5 or Landysh-5 
(lily of the valley) VHF radio was 
standard. 

The Yak-52 was designed by Kom- 
somol members directed by chief 
engineer A A Yakovlev, the founder’s 
younger son. Work began in 1973, and 
enthusiasm was such that the proto- 
type, finished in OKB livery, was on 
test in mid-1974. OKB test pilots were 
O A Bulygin and Yu I Mitikov No 
announcement of the Yak-52’s exis- 
tence was made until 1978. 


Yak-52, registered RA-44501. (RART) 
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Yak-52; lower side view, Yak-53. 














Yak-52PSh This light ground- 
attack version for ‘limited conflicts’ 
and weapon training was not ordered. 


IAK-52 Under a Comecon agreement 
the Soviet government issued a licence 
to Romania for series aircraft to be 
made at [Av Bacau in Romania. No 
royalty was demanded, and in 1977-91 
the Bacau factory delivered 1,676 air- 
craft. The wing fuel tanks were 
reduced in size to 61 litres (13.4gal) 
each. Equipment includes Baklan-5 
VHF radio, ARK-15M radio compass, 





GMK-1A gyrocompass and SPU-9 
intercom; a gaseous oxygen system is 
optional. Among the customers were 
fifty-five Russian aero clubs. 


Kondor By 1991 the Bacau plant had 
restyled itself Aerostar, and it pro- 
duced this version powered by a 300hp 
Avco Lycoming AEIO-540-L1B5D 
flat-six engine driving a Hoffmann 
propeller. Data for series IAK-52: 





Span 9.3m (30ft 6%in); length 7.745m (25ft 
44in); wing area 15.0sq m as before. 

Weight empty 1,040kg (2,2931b); fuel 100kg 
(2201b); oil 14kg (311b); maximum loaded weight 
1,290kg (2,8441b). 

Maximum speed 285km/h (177mph); maxi- 
mum cruising speed 270km/h (167mph); initial 
rate of climb 420m (1,378ft)/min; service ceiling 
(with oxygen) 6,000m (19,685ft); range 510km 
(317 miles); takeoff run 170m (558ft); landing 
speed 105km/h (65mph), landing run 300m 
(984ft). 





Yak-53 








Prototypes only were made, at 
Yakovlev OKB, of this single-seat aero- 
batic version of the Yak-52. Unlike the 
Yak-50, designed for competition, the 
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Yak-53. (OKB) 


Yak-53 was designed as a long-life 
aerobatic trainer. Features included the 
cockpit and flying controls of the 
Yak-50, without the Yak-52’s spring 
loading, and the undercarriage and 
tankage of the OKB-built prototypes 
of the Yak-52. Like the Yak-50 the 
Yak-53 set world records (Appendix 3). 





Length 7.68m (25ft 2'in). 

Weight empty 900kg (1,984Ib); maximum 
loaded weight 1,060kg (2,337Ib). 

Maximum speed 300km/h (186mph); cruis- 
ing speed 230km/h (143mph); initial climb 
900m (2,955ft)/min; takeoff run 150m (492ft); 
landing run 250m (820ft). 





Yak-54 





Despite its earlier number, the Yak-54 
was actually developed from the 
Yak-55M, to replace the Yak-56. It is 
the OKB’s latest aerobatic trainer, with 
the airframe of the Yak-55M modified 
with an instructor cockpit added at the 
rear, and with redesigned undercar- 
riage main legs raked further forward, 
a taller fin, redesigned rudder and 
elevators, three-blade propeller and 
minor changes to the engine installa- 
tion (for example, additional cooling- 
air exit louvres). The cockpits are 
covered by a single canopy hinged to 
the right, behind a smaller fixed wind- 


screen. Remarkably, the structure is 
stressed to the even higher negative 
load factor of —7. 

Project manager is D K Drach, 
chief engineer V M Popkov and the 
OKB test pilots are A S Vyatkin and A 
A Sinitsyn (chief Yak-141 test pilot). 
Painted in a new scheme of white, 
green and red, the unflown prototype 
was shown at the 1993 Paris airshow, 
bearing no marking but the airshow 


number 310. Later it was given the 
cryptic registration 01001 and first 
flown on 24 December 1993, the pilot 
not being one of those assigned to the 
programme but Sh Z Khamidulin. 
Production will be at Saratov. 





Span 8.16m (26ft 9%in); length 6.91m (22ft 
8in); wing area 12.89sq m (138.75sq ft). 

Weight empty 700kg (1,5431b); fuel 86kg 
(190.5Ib); maximum loaded weight 990kg 
(2,183lb). 





























Yak-54. (OKB) 














Yak-54, (R J Ruffle via RART) 


Maximum speed 360km/h (224mph); initial 
climb 900m (2,953ft)/min; rate of roll 345 
deg/sec; service ceiling 4,500m (14,765ft); ferry 
range (unstated auxiliary fuel) 700km (435 
miles). 








Yak-55 








In 1980 the OKB quickly designed a 
totally new single-seat aerobatic air- 
craft, having almost nothing in com- 
mon with the preceding Yak-50 


except the 355hp M-14P engine and 
V-530TA-D35 propeller. An all-metal 
stressed-skin aircraft, it had an air- 
frame designed with nothing in mind 
except winning competitions. 

The wing had a thick (18 percent) 
symmetric NACA-23 profile with 
one main spar, mounted in the mid- 
position without dihedral and inci- 
dence. Almost the entire trailing edge 
was occupied by the enormous two- 
section ailerons, the inner sections 
having tabs and the outers mass/horn 
balances beyond the square wing- 






























































Yak-55. (OKB) 
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tips. The semi-monocoque fuselage 
tapered sharply in width behind the 
engine so that it was narrow where 
it joined the small fin and large mid- 
mounted tailplane. The rudder and 
elevators were metal-skinned except 
over their rear parts, and had ground- 
adjustable tabs and large mass/horn 
balances beyond the fixed surface. 

The cockpit was above the trailing 
edge, covered by a sliding teardrop 
canopy and with the seat below wing 
level. The main undercarriage com- 
prised spatted disc-braked wheels with 
small 400 by 125mm tyres carried on 
cantilever struts of titanium alloy 
forming leaf springs, with track 2.24m 
(88in). The tailwheel was carried on a 
long leaf spring attached to the bottom 
of the rudder. The original drawings 
showed a single 55-litre fuselage tank, 
but the final choice was 120 or 190 
litres (26.4 or 41.8gal) in the inboard 
leading edges. Equipment included 
Briz (breeze) radio, US-450K ASI, 
AM-9S_vertical-axis accelerometer, 
VD-10K altimeter, KI-13K magnetic 
compass and unusual triangles fixed 
beyond the port wingtip to give an atti- 
tude reference. 

Project director was S A Yakovlev, 
chief engineers V P Kondrat’ev and 
D K Drach, and OKB test pilot M B 
Molchanyuk. The prototype flew in 
May 1981, and with spats removed 
made a surprise appearance (not 
competing) at the 1982 world cham- 
pionships. Structural failures then 
resulted in redesign of the wing, with 
a thinner section but stronger struc- 
ture. Flying the strengthened aircraft, 
the Soviet women’s team took Ist 
place in the 1984 championships, Kh 
Makagonova winning individual gold. 
In 1986 series production began at 
Arsenyev, 108 being delivered by 1991. 





Span 8.2m (26ft 10%in); length 7.48m (24ft 
6¥4in); wing area 14.3sq m (153.9sq ft). 

Weight empty 640kg (1,4111b); fuel 86.4 or 
137kg; maximum loaded weight 840 or 875kg 
(1,852 or 1,9291b). 

Maximum speed 360km/h (224mph); initial 
rate of climb 960m (3,150ft)/min; rate of roll 345 
deg/sec; takeoff run 150m (492ft); landing speed 
130km/h (81mph), landing run 200m (656ft), 
also given as 465 m. 


Yak-55M Demand for even more 
rapid rate of roll, and to meet compe- 
tition from Sukhoi, this new version 
was produced in 1989 with a more 
tapered wing of reduced span and area. 
The one-piece ailerons had _ their 
mass/horn balances neatly faired into 
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Yak-55. (RART) 


the slightly rounded wingtips, and 
were in addition fitted with an aero- 
dynamic balance tab carried well 
underneath on twin struts. The origi- 
nal trim tabs on the inner sections were 
replaced by narrow ground-adjustable 
tabs. Among other changes, the 
canopy was given a fixed rear portion 
and the spinner was omitted. 

Project director was Yu I Yankevich, 
chief engineer V M Popkov and OKB 
test pilots Bulygin, Molchanyuk and 
V P Makagonov. The Yak-55M was 
selected for the Soviet team at the 1989 


European championships. Production 
began at Arsenyev in 1990, and by the 
end of 1993 a total of 106 had been 
delivered, with a small number having 
been built since. 


Span 8.1m (26ft 6%in); length 7.29m (23ft 
1lin); wing area 12.8sq m (137.8sq ft). 

Weight empty 690kg (1,5211b); fuel 86.4kg; 
maximum loaded weight 855kg (1,8851b). 

Maximum speed 360km/h (224mph); initial 
rate of climb 960m (3,150ft)/min; rate of roll 345 
deg/sec; range 705km (438 miles); takeoff run 
150m (492ft); landing speed 130km/h (81mph), 
landing run 465m (1,525ft). 











Yak-S5M (broken line showing wheel position under load). (OKB) 

















Yak-56 





In 1990 Yakovlev announced a new 
two-seat aerobatic trainer, based on 
the Yak-55M but with a low wing, 
retractable main undercarriage and 
powered by a 300hp VOKBM M-16 
eight-cylinder engine driving an 
AV-16 three-blade propeller. The pro- 
totype had been expected to fly in 
1992, but instead Yakovlev produced 
the Yak-54. Development of the M-16 
engine has continued, and a Yak-56 
prototype may fly in 1996-97. 





Yak-58 





Collapse of the Soviet Union and the 
urgent need for Konversiya projects 
resulted in Yakovley producing this 
multi-role utility transport and busi- 
ness aircraft. Project directors are Yu I 
Yankevich and D K Drach; chief 
engineer is V I Baranov and the 
assigned test pilots A A Sinitsyn and 
Yu I Mitikoy. A model was exhibited in 
mid-1990, and 4 full-scale mock-up in 
1991. The wing was then enlarged 
from 14sq m to 20sq m, leaving the rest 
little changed, and a prototype was 
then built. 

The wing is designed for high lift 
rather than high speed, and has a con- 





Yak-55M. (RART/R. Ruffle) 





Yak-58 prototype over Tbilisi. (Yefim Gordon Archive) 
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stant deep profile from the root to the 
downcurved tips. It has outboard man- 
ual tabbed ailerons and large slotted 
flaps each mounted on three arms 
hinged 0.6m (24in) below the wing. 
The sharply swept and slightly inward- 
inclined fins are mounted directly on 
the wing, and are joined at the top by 
the tailplane. The elevator and narrow 
rudders are manually operated. The 
undercarriage units all have single 
wheels with low-pressure tyres carried 
on levered-suspension trailing links, 
the main units retracting inwards and 
the nose unit forward. Flap and under- 
carriage operation are pneumatic. 

In the absence of the M-16 engine, 
the prototypes have been fitted with 
the 355hp M-14PT, a pusher version of 
the radial engine used in many Yak air- 
craft. It drives a three-blade constant- 
speed propeller. Fuel is carried in wing 
tanks. The bullet-like central nacelle 
has a hinged door on the left and a large 
sliding door further back on the right. 
Normal seating is for the pilot on the 
left in front and five passengers, but 
the interior can be arranged for 450-kg 
(992Ib) of cargo, or as an ambulance, or 
for a wide range of special missions. 

The Yak-58 programme is based at 
Tbilisi. Here the first prototype made 
its first flight on 26 December 1993 
(though a recent article states that the 
first flight was made on 17 April 1994, 
the pilot being A S Vyatkin, who is not 
one of the assigned test pilots). This 
first aircraft was written off in an acci- 
dent on 27 May 1994, but the second 
prototype began flight testing on 10 
October 1994, and at the beginning of 
1996 there were four prototypes on 














Yak-58. (OKB) 
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test, plus two static and fatigue test air- 
frames. Production is now in hand at 
Tbilisi against letters of intent to pur- 
chase said to number 250. 





Span 12.7m (41ft 8in); length 8.55m (28ft 
O4in); wing area 20.0sq m (215sq ft). 

Weight empty 1,270kg (2,800Ib); maximum 
loaded weight 2,125kg (4,6851b). 

Maximum speed 290km/h (180mph); cruis- 
ing speed 250km/h (155mph); service ceiling 
4,000m (13,123ft); range with maximum (450kg) 
payload 1,200km (746 miles); takeoff run 610m 
(2,000ft); landing speed 125km/h (78mph), 
landing run 600m (1,970ft). 





Yak-60 





As the number 60 was painted on the 
desk model, this may be the designa- 
tion for an impressive helicopter pro- 
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Models of Yak-60 (?) and Yak-24 to same scale. (Yefim Gordon Archive) 


jected in the late 1960s. Like Mikhail 
Mil’s V-12, it would have used two 
Mi-6 rotors, each driven by a pair of 
6,500-shp D-25VF engines. Unlike 
the Mil rival, the rotors were in tan- 


dem, resulting in a superb-looking 
machine, with more than four times 
the payload of a contemporary Boeing 
Vertol Chinook. The accompanying 
OKB drawing shows a 42 tonnes 
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Yak-60 (2), with JS-3 
tank as slung load. (OKB) 
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Yak-77. (OKB) 














(92,593lb) armoured vehicle as a slung 
load. The cockpit would have been 
similar to that of a Yak-24. It seems 
incredible that money was voted to 
build Mil’s clumsy V-12, while the 
Yakovlev monster never got off the 
drawing board. 
Approximate data: 





Diameter of main rotors 35m (115ft); length 
of fuselage 46m (150ft). 

Weight empty 55,000kg (120,000Ib); maxi- 
mum loaded weight 100,000kg (220,0001b). 








Yak-77 








Few details have been disclosed of this 
large business jet or passenger trans- 
port for ‘long, thin routes’. Work began 
in 1992, the project manager being S A 
Yakovlev. The selected engine is the AE 
3010/12, one of the proposed uprated 
members of the Allison 3000 family of 
two-shaft turbofans, in this case with 
a takeoff rating of 4,500kg (9,920Ib). 
An unstated Russian engine would be 
an alternative. 

Basic features may be seen in the 
drawing. Asa business jet it would typ- 
ically seat eight, and as a commercial 
transport thirty-two, in rows two plus 
two. Stretched versions seating up to 
70 are being studied. Yakovlev state 


that manufacture at Saratov started in 
1994, that the planned avionics fit is 
the Collins Pro Line 4 system, and that 
the Yak-77 will be certificated to FAR 
Part 25 and JAR-25 in 1996-97 (which 
seems an optimistic schedule). 





Span 21.55m (70ft 8%in); length 20.45m (67ft 
14in); wing area about 55sq m (592sq ft). 

Maximum payload 3,500kg (7,716lb); maxi- 
mum loaded weight 25,234kg (55,630Ib). 

Maximum cruising Mach number 0.8; eco- 
nomical cruise Mach 0.75, e.g., at high altitude 
800km/h (497mph); initial cruise altitude 
12,500m (41,000ft); range (eight passengers) 


Yak-77 model. (OKB) 


10,000km (6,214 miles), (32 passengers) 
6,000km (3,728 miles); balanced runway length 
2,200m (7,220ft). 





Yak-112 





The last aircraft design competition in 
the Soviet Union was for a two-seat 
primary trainer for DOSAAF and aero 
clubs. Yakovlev of course competed, 
assigning V A Mitikin and D K Drach 
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Yak-112. (OKB) 








the first flight was made on 20 October 
1992 (a recent Russian article gives the 
date as 27 May 1993). Yakovlev claim 
that by mid-1993 orders totalled 500, 
including large numbers from India 
and South American countries. Pro- 
duction is in hand at two plants, 
Smolensk and Irkutsk. 


Span 10.25m (33ft 74in); length 6.96m (22ft 
10in); wing area 16.96sq m (183sq ft). 

Weight empty 775kg (1,709Ib); maximum 
payload 270kg (595lb); maximum loaded weight 
1,290kg (2,8441b). 

Cruising speed (maximum) 210km/h 
(130.5mph), (economical) 180km/h (112mph); 
service ceiling 4,000m (13,123ft); range, with 
45min reserve (maximum payload) 850km (528 
miles), (maximum fuel) 1,200km (746 miles); 
takeoff run 450m (1,476ft); landing speed 
125km/h (78mph), landing run 500m (1,640ft). 





as team leaders, A V Anosov as chief 
engineer and V A Yakimoy, R S 
Vyatkin and A A Sinitsyn as test pilots. 
The Yak-112 was the outright winner, 
but it has subsequently been developed 
as a multi-role four-seater. The result- 
ing weight growth has put it beyond 
the capability of the 147hp DN-200 
diesel, which was originally planned to 
power it with record low fuel con- 
sumption. 

Instead, the selected engine was 
the VOKBM (Voronezh) M-17F 
with four cylinders in X-formation, 
but until this is ready all prototypes 
and initial production have imported 
Teledyne Continental IO-360-ES en- 
gines, rated at 210hp, driving a Hart- 
zell two-blade two-pitch propeller. 
The configuration is biased towards 





Yak-112 from initial series. (RART) 


all-round visibility. The structure 
is partly metal but with extensive use 
of glassfibre and other composites. 
The wing has aerodynamics similar to 
those of the Yak-58, but less dihedral 
(1 deg). All flying controls, and the 
slotted flaps, are manual. Fuel is 
housed in the wing roots, between the 
spars. Options include dual controls or 
single pilot, wheel/ski/float under- 
carriage and various role fits including 
a towing hook for gliders or banners. 
Initial aircraft have Bendix/King 
avionics, but Russian customers can 
specify the MIKBO-3 integrated 
system. 

Unlike so many konversiya aircraft, 
the Yak-112 seems assured of com- 
mercial success. A model was dis- 
played in 1990, a mock-up in 1991 and 


Yak-130 





In 1990 the Soviet government issued 
a requirement for 200 advanced pilot 
trainers to replace the L-29 and L-39 
in both the VVS and A-VME, a 
carrier-based version being demanded 
by the latter service. Five OKBs 
responded, Yakovlev with a particu- 
larly advanced (but subsonic) proposal 
forming part of a training kompleks 
designated UTK-Yak. Project man- 
ager is N N Dolzhenkoy, with K F 
Popovich appointed as his deputy. 
Design load factors are +8/—3, and 
a basic feature is that longitudinal sta- 
bility can be programmed from posi- 
tive to slightly negative. The engines 
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Yak-180 





Yak-130 prototype. For photograph of aircraft in flight see p.15. (OKB) 


are mounted under the wing roofs. 
The original engine selected was the 
AI-25, but this was changed to the 
Russian-Slovak DV-2, a more modern 
turbofan, the actual model being the 
Klimov-modified RD-35M rated at 
2,200kg (4,850lb) each. The airframe 
is part metal but with extensive use 
of advanced composites, the design 
life being 15,000 hours and 25,000 
landings. 

The wing has tall winglets, and a 
delta shape with 31 deg taper on the 
leading edge outboard of the large 
sharp-edged LERX (leading-edge 
root extensions) which, together with 
full-span slats, are intended to permit 
controlled flight at an angle of attack 
of 35 deg. The rectangular flaps are 
pivoted on faired hinges well below the 
wing. The ailerons, slab tailplane with 
anhedral and large dogteeth and plain 
rudder are all fully powered and con- 
trolled by an Avionika full-authority 
four-channel fly-by-wire system. 

Early drawings showed a fuselage 
with strong Dassault influence, the 
engine inlets being of Rafale shape, 
located below the windscreen on each 
side and feeding engines in distinct 
nacelles. In 1993-94 the LERX were 
greatly reduced in size, the fixed- 
geometry inlets cut back and moved to 
the sides of the fuselage alongside the 
rear pressure bulkhead, and the engine 
nozzles submerged in the sharply 
tapered rear fuselage. MiG-29 type 
auxiliary inlets were added along the 


top of each duct, with suck-in spring- 
loaded doors along the upper surface 
of the wings. The undercarriage units 
have low-pressure tyres carried on 
long-stroke levered-suspension legs, 
the track being 2.53m (99.6in) and the 
wheelbase 3.95m (155.5in). The main- 
wheels retract inwards into the lee of 
the ducts and the steerable nosewheel 
retracts backwards. Integral tanks have 
a capacity of 2,060 litres (454gal), and 
a customer option is a 700-litre 
(154gal) conformal belly tank. Sec- 
ondary power is mainly hydraulic, and 
an APU is fitted. 


The Zvezda K-36 ‘zero/zero’ seats 
are sharply stepped in the pressurized 
cockpit, which has a single-curvature 
frameless windscreen and large side- 
ways-hinged canopy. Both cockpits 
have two (in export versions three) 
multi-function displays, and the pupil 
also has a large HUD (head-up dis- 
play) for navigation and weapon- 
aiming. A wide range of weapons, 
including guided missiles and gun 
pods, can be carried on seven pylons. 

The unflown first prototype was 
exhibited on 30 November 1994, when 
it was announced that the whole pro- 
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gramme is in partnership with 
Aermacchi of Italy, which recognized 
the obsolescence of its own jet trainers. 
One prototype will be of the naval ver- 
sion, with folding wings and stressed 
for catapult launch and arrested land- 
ing. The partners are marketing the 
current Yak-130D as part of a com- 
prehensive training system which also 
includes a simulator being developed 
by Penza in partnership with CAE of 
Canada. Production aircraft would be 
built jointly at Saratov and at the Sokol 
plant in Nizhny Novgorod. Aermacchi 
share design and production rights 
and have exclusive marketing rights 
outside the former Soviet Union. 
The first flight article was again 
exhibited at the Paris airshow in June 
1995, but it did not fly until 25 April 
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1996, at Zhukovskii. Several further 
development aircraft are being built, 
but as this book went to press no 
decision had been announced regard- 
ing a winner of the intended produc- 
tion order. 

It is learnt that the Russian gov- 
ernment has ordered 200 in a multi- 
national production programme to 
begin in 1998. 





Span 10.4m (34ft 1/4in); length 11.245m (36ft 
10%in); wing area 23.5sq m (253sq ft). 

Weight empty 4,410kg (9,722Ib); internal fuel 
1,650kg (3,638Ib); loaded weight (clean) 6,200kg 
(13,6681b), (maximum) 9,000kg (19,8411b). 

Maximum speed 1,050km/h (652mph); sus- 
tained load factor at 4,572m (15,000ft) 5.1; ser- 
vice ceiling 12,500m (41,000ft); range 2,220km 
(1,379 miles); takeoff run 310m (1,017ft); land- 
ing speed 175km/h (109mph), landing run 
485m (1,591 ft). 





Yak-141 
see Yak-41. 








Yak-142, Yak-242 
see Yak-42. 








Pilotless Aircraft 





On 28 June 1982 Mikhail Simonoy, at 
that time a Deputy Minister of Air- 
craft Production, organized a meeting 
between two VVS_ generals, two 
designers from the NII Kulon elec- 
tronics research establishment, A S 
Yakovlev, his elder son Sergei, his 
deputy L I Mashey and Yuri I Yanke- 
vich. Astonishingly, the Soviet Union 
had shown little interest in what 
are variously called reconnaissance 
drones, RPVs (remotely piloted vehi- 
cles), pilotless aircraft and UAVs 
(unmanned air vehicles), despite the 
profusion of types already developed 
in other countries. The Russian 
name is Distantsionnyi Pilotiruyemyi 
Letatelnyi Apparat, DPLA. 

Now the VVS had woken up. The 
generals gave a twenty-minute briefing 
on the brilliant operations by IDF/AF 
(Israeli Air Force) Scout and Mastiff 
RPVs over the Bekaa Valley, recording 
the exact positions of Syrian anti- 
aircraft defences and enticing the 
Syrians to switch on their radars 
and communications systems which 
were then transmitted to orbiting 
E-2C Hawkeyes. Israeli missiles then 
quickly destroyed twenty-nine sites, 
and in subsequent operations the 
RPVs jammed any remaining radars, 
giving the IDF /AF total command of 
the air. No RPVs were lost. 

The generals said ‘We need such 
vehicles. We want them by spring next 
year’. Simonov ushered the NII-VVS 
and OKB visitors into the next room, 
where pads of paper were laid out, and 
said ‘You will not leave the room until 
you have prepared an outline pro- 
gramme for constructing ten to twelve 
such aircraft for tests by February.’ 

In fact, it took longer. Yankevich 
recalls ‘The Israeli designers could 
buy Austrian engines, Japanese cam- 
eras and a Dornier recovery system. 


We had to start from scratch. In the 
Soviet Union there was no body of 
experience with such machines, no 
engine, no suitable electric generator, 
no camera or other sensors, no launch 
system, no remote control system, no 
recovery system and not even any suit- 
able equipment for on-board measure- 
ment of aerodynamic parameters.’ 
The completion deadline remained 
February 1983. 





60 





The work was assigned on 12 July 
1982. The integrated system was 
called Sterch (watchman), and Kulon 
NII, headed by A S Novosyelov, was 
system manager, and also responsible 
for the onboard sensors. Yakovlev 
became responsible for the air vehicle, 
called Izdeliye ‘60’, or DPLA-60. The 
programme managers were initially S 
A Yakovlev and Yankevich, and later 
Yankevich alone. The engine was 
assigned to N D Kuznetsov KB (later 
‘Trud) at Kuibyshevy (now renamed 
Samara). Designated P-020, it was a 
flat-twin air-cooled two-stroke rated at 
20hp at 7,300 rpm, and weighing 9kg 
(19.8Ib). Launch equipment was 
assigned to Horizont OKB, headed by 
V V Ivichev. 

The TTT for Article ‘60’ stipulated 
a launch weight not over 100kg. The 
basic form was a cylindrical body 
across the back of which was mounted 
a rectangular wing with very small but 
thick ailerons at the tips, cruciform tail 
fins, a pusher engine driving a fixed- 
pitch, two-blade propeller in a circular 
shroud containing a rudder and eleva- 
tors, and a sensor payload inside or 


under the nose. A high proportion of 
the structure was made of composite 
materials. The vehicle was placed on a 
cradle fired by two rockets up an 
inclined launch ramp carried on a 
P'T-76 amphibious chassis. On return 
it was recovered by a parachute housed 
in a box ahead of the wing. Near the 
ground an air-bag cushion made of 
Kapron was rapidly inflated from a box 
under the body. 

Tests were organized at a range in 
the far south. Despite a temperature 
far below zero, vehicle 608-1 had to be 
assembled on 5 March 1983 with bare 
hands. Various snags repeatedly 
delayed the launch, and it was not until 
19 March that it was finally launched. 
The vehicle broke in half before it left 
the ramp. At last, on 17 June 1983, 
vehicle 608-2 made a perfect five- 
minute flight and safe landing. Further 
failures followed, some hair-raising 
and threatening the chase Mi-8 heli- 
copter, but in July 1983 — when nine 
DPLA-60s had been made for labora- 
tory tests and twenty successful flights 
had been achieved out of twenty- 
five launches — the decision was taken 
to build a batch for operational 
evaluation. 

In 1984 A S Yakovlev retired, 
and for a time his successor was 
A A Levinskikh. While the various 
branches of the Ground Forces dis- 
cussed roles for this DPLA, a large 
number of research and test estab- 
lishments and factories were mar- 
shalled in order to produce fifty of a 
modified Type 60 for service evalua- 
tion, together with five transporter/ 
launchers which in this case were 
based on the familiar BMD air- 
portable tracked armoured vehicle. 
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DPLA-60S. (OKB) 





60S Pchela 





Called in some documents 60MS 
(modified, series), the Jzdeliye ‘60S’ 
(60 seriiny1) Pchela (bee) was the first 
production DPLA in the Soviet 
Union. Its airframe was based on that 
of Article 60, but the wings pivoted to 
the rear and the cruciform fins were 
arranged to fold so that the vehicle 
could be delivered and stored in a 
glassfibre container. The fuselage was 
subdivided into easily assembled mod- 
ules, the mid-section fuel tank was 
improved, and on the nose was fitted 
a large glass ball housing the TV 
camera. 

The operating system included the 
launcher carried on a BMD-1 and the 
electronic guidance, flight control and 
servicing equipment packaged in a 
container carried ina GAZ-66 vehicle. 
Only one ‘60S’ could be operated from 
a single ground station at any one time. 
The mission was to send back a high- 
quality video signal in real time, for 
study and also recording at the ground 
station. It was planned to be able to 
replace the TV camera by specially 
designed jammers, payload dispensers 
or passive receivers for ECM (elec- 
tronic countermeasures) or Elint 
(electronic intelligence). 

Scheduled to last eight months, the 
task of getting a DPLA into front line 
service actually took five years. Accep- 
tance and evaluation testing took place 
between May and 28 December 1987. 
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The first models were not issued to 
operating units until April 1988. The 
fifty pre-series were flown by the 
Army, Air Force and Marines, with 
‘very good’ results. OKB chief engin- 
eers were N N_ Dolzhenkov, V A 
Mitikin, S K Kuzin, V I Baranov, 
S D Terentyev and A B Korochkin. 
A specially painted Pchela-1M is on 
view in the Yakovlev museum. 





Span 2.4m (94.5in); length 2.7m (106.3in). 

Launch weight 98kg (216lb). 

Operating speed 120-180km/h 
(75—112mph); rate of climb 3.5m/s (689ft/min); 
operating height 100—1,000m (330-3,280ft); 
operating radius 30km (18.6 miles); flight dura- 
tion 2 hr. 


Pchela-1M in OKB museum. (RART) 





61, Shmel-I 





In June 1984 work had begun at Kulon 
NII on the Sterch operating system 
(kompleks), which included an 
improved guidance and receiver sta- 
tion and a slightly larger DPLA, called 
Izdeliye ‘61’, Shmel-I (bumblebee). 
Powered by a 32hp Samara P-032 
engine, an uprated version of the 
P-020, the 61 is most obviously distin- 
guished by its four leaf-spring fixed 
landing gears. These are designed for 
landing impacts at up to 10 g, and 
eliminate the need for an inflatable air 
bag. Another major difference is that 
the parachute is relocated above the 
wings, enabling the latter, which have 
down-cambered tips and conventional 
long ailerons, to fold forwards for 
stowage. 

In production versions the sensor is 
in a turret under the nose. Either a 
video camera or an IR (infra-red) ther- 
mal camera can be installed, mounted 
on a hydro-stabilized platform with 
optics giving a field of view from 3 deg 
to 30 deg. Later other versions were 
developed, including Elint, ECM jam- 
mers and targets. All form part of the 
Sterch complex, which has been 
upgraded to control two DPLAs 
simultaneously. The vehicle is 
designed to fly ten missions. 

Static testing of system elements 
began on 1 December 1984, and the 
first launch was on 26 April 1986. This 
launch, and several later tests, failed 
because of various malfunctions dur- 
ing the final fifteen seconds of count- 
down and the switchover to on-board 
systems as the direct cable connections 
are severed on the launcher. The State 
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Shmel-1, (OKB) 





acceptance and evaluation programme 
was completed by a flight amongst 
mountains on 28 September 1989. 
These tests required sixty-eight 
launches by 13 DPLAs, fifty-two 
flights being completely successful and 
six DPLAs being destroyed. 

Under the OKB’s chief designer 
Yuri Yankevich, the chief engineers for 
Shmel-1 were S V Dolinskii, S K 


E 
DPLA-6IT. (OKB) 





Kuzin and V F Kulichenko. A spe- 
cially painted Shme/-1 was displayed at 
Aviatsiya-90 in Moscow and at the 
1991 Paris airshow. At that time series 
production was about to start, and the 
61T (TV payload) has been in front- 
line service with the Russian Army 
since early 1994. The instrumented 


target version entered production in 
1995. 














Span 3.25m (10ft 8in); length 2.78m (9ft 
1%in); wing area 1.8sq m (19.4sq ft). 

Launch weight 130kg (286.61b); fuel and pay- 
load 72kg (1591b). 

Operating speed 100-180km/h = (62- 
112mph); operating height 100-3,300m (330- 
10,800ft); rate of climb 4m/s (787ft/min); 
operating radius 60km (37 miles); flight duration 
2hr. 
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70 








DPLA-70 is essentially a DPLA-61 
Shmel-I_ modified to be launched 
straight out of its container. It is 
pulled out by a lanyard attached to the 
launch rocket. As soon as the vehicle 
clears the container the spring-loaded 
wings pivot back to a forward sweep of 
23 deg, and at rocket burnout the 
tow cable is released. The fuel tank is 
lengthened to increased flight duration 
to three hours. Chief engineer is Yu V 
Verkin. Design took place in 1988-90 
and two prototypes have been 
tested. 








Shmel II 








Original known as DPLA 250-kg, or as 
‘DPLA civil/export’, this is a project 
by Yakovlev alone. It looks totally 
unlike the original Shme/-I and forms 
part of a different complex, but has 
a fuselage and outer wings derived 
from its predecessor. The P-032 en- 
gine is the same, though the propeller 
is unshrouded. The wing has much 
greater span, is placed in the low posi- 
tion and carries two rear booms on 
which is mounted the curious “-type 
tail. 
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Shmel for export. (OKB) 
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The Shmel-Il is seen as part of a 
kompleks which would include six air 
vehicles, a transporter/launcher and a 
van containing the ground station. 
Where a suitable airstrip is available 
this DPLA could be operated as a 
miniature aeroplane, with tricycle 
undercarriage, but it can alternatively 
be launched by a compressed-air cata- 
pult and recovered by parachute. Mis- 
sions could include most kinds of civil 
reconnaissance or surveillance, the 
under-nose ball containing a stable 
platform for a TV, IR or laser-ranger 
payload. Air-vehicle life is to be up to 
150 flights. Yakovlev Corporation 
plans a parawing version, and alterna- 
tive ski undercarriage. 





Span 7m (23ft Oin); length 4.65m (15ft 3in); 
wing area 3.9sq m (42sq ft). 

Fuel 70kg (154Ib); payload 10-60kg (22- 
132Ib); weight loaded 200kg (4411b). 

Operating speed 100-180km/h (62- 
112mph); operating height 50-3,000m (164— 
9,850ft; flight duration 1.5—11.0 hours. 








Zhavoronok 








This DPLA, named Skylark, is a 
VTOL autogyro derivative of Shmel-I. 
It is planned in two versions, 
Zhavoronok-| powered by a P-032 








Zhavoronok. (OKB) 
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Kolibri. (OKB) 


engine as before, and Zhavoronok-Il 
with a larger rotor and heavier payload 
made possible by fitting the Voronezh- 
built 54hp M-18 engine. This pro- 
gramme is a commercial venture by 
Yakovlev in partnership with NII 
Zelenograd, a specialist in microelec- 
tronics and instruments on the 
Moscow outskirts. To develop and 
market DPLA systems they have 
formed a joint ‘scientific-production 
organization’, NPO AVIKS. 

The original wing is replaced by a 
pylon and two-blade rotor, which is 
powered for VTOL but freewheels in 
flight. The four sprung legs are joined 
to form ski landing gear. The entire 
kompleks would be vehicle-mounted, 
with a crew of three or four. The air 
vehicle is designed to make up to 300 
flights by day or night in ambient tem- 
peratures from —40 deg to +50 degC, 
carrying any of the previous sensors, 
including Elint, atmospheric sampling 
and spectral analysis over wavelengths 
of 0.43-12.5 mm. Resolution would be 
0.3-3.0m and maximum lateral navi- 
gation error 5m (16ft). A mock-up was 
exhibited at the Moscow aero show in 
1992. 


Stan || 





Diameter of rotor, (Zh-I) 4.2m (13ft 9%in), 
(Zh-II) 4.7m (15ft Sin). 

Fuel 18kg (401b); payload, (Zh-I) 15kg (331b), 
(Zh-I1) 40kg (881b); takeoff weight (Zh-I) 130kg 
(287Ib). 

Operating speed 30—100km/h (18.6—62mph); 
operating height 5—2,500m (16—8,200ft); range 
80km (50 miles); flight duration 2 hours. 


Albatros model. (OKB) 
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Kolibri 





Named Hummingbird, this is again a 
team effort by NPO AVIKS. It is 
intended for missions over greater 
distances, and is planned initially as 
a military ‘stealth’ design with mini- 
mal radar and aural signature. 
Features include a low wing, folding at 
the roots, merged into a sharp chine 
round a broad but shallow fuselage, 
retractable tricycle undercarriage, 
‘T-tail and a pusher propeller driven by 
a Voronezh M-29 engine of 74—75hp. 
The sensor package would be on the 
centre of gravity, so that a TV, IR, 
Elint, active-jammer or other load 
could be exchanged in a few minutes. 
Use of a normal takeoff and landing is 
intended to clear this vehicle for 500 
flights. 

For civil markets the noise- 
suppressing and radar-absorbent coat- 
ing would be removed, the wing fold 
would be manual instead of automatic 
on launch, and there would be various 
minor changes. Lacking money, the 
Russian armed forces are hoping 
AVIKS can market a civil version 
which they could buy almost off- 
the-shelf with affordable modifica- 
tions. A mock-up was exhibited in 
South Africa in 1992. 


Span 5.9m (19ft 4%in); length 4.25m (13ft 
11%in). 

Fuel 72kg (1591b); payload 70kg (1541b); 
loaded weight 280kg (617Ib). 

Operating speed 120-150km/h (74.5- 
93mph); operating height up to 3,500m 
(11,500ft); range up to 180km (112 miles) or 
700km (435 miles) with an intermediate Kolibri 
serving as a relay station; flight duration 8 hours. 
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DPLA-110 








Two prototypes have been tested of 
this remotely piloted glider, released 
over its target from a special rocket 
vehicle to send back daytime video 
signals from its TV camera. 
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Albatros 





So far only a model has been seen of 
this high-speed VTOL vehicle, pow- 
ered by tilting prop-rotors on the tips 
of its fixed unswept wing. The sensor 
would be under the forward fuselage, 
and the undercarriage would comprise 
a retractable mainwheel and small 
wheels on the tips of the “type tail. 








Mini-DPLA 





—_—————_—_—_—— 
Yakovlev plan a small vehicle powered 
by a quiet electric motor, with a night 
TV camera. 
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